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1AN EFFICIENT ALLOCATION AND PRICING OF ELECTRICITY
IN TAIWAN
ABSTRACT
The aim of this thesis is to test for the applicability of the
Takayama and Judge (1971) nonlinear optimization model to the
power system in achieving efficiency in both pricing and allocation
of electricity under various constraints. Quadratic programming
is preferred to a linear one because of the capability to
incorporate the interactions between the price and demand variables.
Three consuming sectors (residential, commercial and
industrial) and three alternative methods of generation
(hydroelectric, thermal and nuclear.) are respectively considered
on the demand and supply sides. With the net social payoff as the
criterion of measuring optimum efficiency, and demand and supply
considerations incorporated into the model, the optimum pricing
and allocation of electricity can then be determined.
Although subject to data limitation, we have illustrated that
the model is successful in indicating directions along which the
capacity expansion should take place and the social. welfare can be further
enhanced. It is therefore useful as an analytical. tool for. policy making
in generating information helpful in analysing normatively an efficient
price-output situation under free market conditions for electricity.
2With more refined data, the capacity investment considerations
and effects of externalities on power supply can be included in our
formulation to add more realism to the model.
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PREFACE
The ever increasing demand for electricity highlights the need
for detailed analysis on the part of the power authority, of both
pricing and allocating of electricity in Taiwan. The results of this
study are to be viewed in light of many inherent limitations of our
model.
In this study, I have attempted to estimate the demand functions
for the residential, commercial and industrial sectors and have been
able to generate information on their respective price elasticities
which are important parameters for policy making. Furthermore, the
Takayama and Judge quadratic optimization model, using the net social
payoff as a measure of welfare has been illustrated successful.in
determining the optimum pricing and allocating of electricity under
free market condition. The model can therefore serve as an analytical
tool for development planning, though for more comprehensive generation,
allocation, and price policy decisions, a more detailed study of this
kind in the broader perspective is needed.
In the course of this study, I am very deeply indebted to my
supervisor, Dr. Win-lin Chou, for her constant guidance, patience and
encouragement. Without her, this thesis will never be finished.
The staff in Taiwan Power Company, in particular Mr. Sam S.Y. Ko,
des-ervesmy sincere thanks, for supplying the necessary data.
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In the processing of data, facilities of the CTCI Corporation
are indispensable. Special thanks are due to Mr.M.C.Cheng and Miss Win-sum
Chou. Without their help, I would not have had access to the facilities.
Lastly, I would like to express my gratitude to Mr. All Kin-hung
Li for typing and proof-reading the whole manuscript and for the
encouragement and patience all the way through to completion. At all
events, I alone answer for any possible faults.
Yu-yee WU
May, 1982
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1CHAPTER I
INTRODUCTION
The production and use of energy1 are vital activities of modern
societies. Throughout human history, the foundation of civilization
has rested heavily on energy supplies. Immediately after World War II,
European countries like Britain, France and West Germany, which were
largely self sufficient in energy because of their abundant domestic
coal production, became increasingly dependent on imported oil from
the 'diddle East, as the latter was cheaper2, easy to produce, easy
to transport and easier to burn than coal. Other industrialized
countries, like Japan, which were previously dependent on energy
imports, greatly increased the magnitude of that dependence as their
economies advanced and their energy demand grew correspondingly.
Even the United States, which had been largely self sufficient,
became one of the world's largest oil importers in the 1970s.3
is therefore not unjustified to conclude that many industrialized
nations in the period after World War II have been able to develop
energy intensive economies with the spurring of abundant low-priced
energy supplies.4 To put this further, it would not be too indiscreet
if we assert that the growth of the post-war world economy, especially
of the industrialized countries was built upon the availability of
the ample and low-cost oil.5 The cheap oil before the 1973-74 oil
crisis, on the.one hand, created high exponential growth rates in
demand throughout the world while on the other hand, indirectly
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brought a slowdown in the development of petroleum reserves outside
the Middle East6
With the abrupt quadrupling of the world oil prices by the
Organization of Petroleum Exporting Countries (OPEC)7 the cheap
energy era ended. It has had profound implications for the economies
of all the industrialized countries, as it affects both the demand
for and supply of the energy. Higher energy prices have contributed
to reduced growth in both developed and developing countries. They
worsened trade balances, pushed up inflation and in the long run may
result in basic changes in life style. However, the extent to which
higher energy prices reduce energy demand and affect the pattern of
supply varies from country to country. It depends, on the one hand,
on the role that energy plays in the production of other goods, and the
characteristics of energy demand in each country while on the other,
the natural endowment and the development strategy.
In regard to energy demand in the less developed countries (LDCs),
it has often been argued that energy use in these countries is likely
to rise disproportionately as their economies grow, so that will
represent a major source of increased demands for energy in the future,
and will account for a growing share of world energy consumption.
There has been some evidence that in the developing countries price
elasticities tend to be larger than in the developed countries. 8 As
long as economic growth rates do not fall, this would mean that in
the future, with energy prices much higher than in the-past, the share
of energy demand for developing countries will grow. Rapid economic
growth in these countries could contribute to large increase in energy
demand. Unfortunately, economic growth in these countries may fall
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higher energy prices may have a significant depressive effect on the
economies of the developing countries. A better understanding of
the structure of energy demand in the developing countries is needed
if we are to determine the probable effect of energy price increases
on their economies, or to assess the future role of these countries
in world energy markets.
Unfortunately, it is much more difficult to study the characteristics
of energy demand in the developing countries on an empirical basis.
The first problem is that for most of the countries there is little
good data available, especially for the, retail or wholesale prices
of different fuels. Thus even where fuel quantity data are available,
it is impossible to estimate econometric models specified to explain
the role of prices. The second problem is that demand models based
on the idea of residential and industrial consumers facing market
prices and making utility-maximising or cost-minimizing decisions
may simply not apply for many developing countries. For instance,
in the industrial sector, because of operating constraints or management
objectives other. than profit maximization, the government and private
enterprises may not base energy consumption decisions on cost minimization
criterion. Furthermore, in the residential sector, consumption
decisions may be much more dependent on supply availability than on
prices, because some fuels, electricity in particular, are simply not
available in some regions.
In light of the above, and further recognizing the increasing
importance of electricity as a secondary source of energy, we attempt,
in this study, to obtain empirical estimates of electricity demand
functions for Taiwan, a more advanced developing country for which
necessary data are available.
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Also, in order to shed some light on the efficient allocation and
pricing of electricity in Taiwan, which is one of the major objectives
in the present study, we now turn to the supply of electricity by having
a brief review of the present state of the power industry in Taiwan.
1.1 The Present State of the Electric Industry in Taiwan
Characterized by high fixed costs, the power industry in Taiwan is
nationalized and is now exclusively managed by the Taiwan Power Company
(TPC), which was formed in 1946 after the taking over of the facilities
from the former Japanese concerns. 10 Its objectives are to fulfill the
customers' power demand for electricity, to promote the economic
development and to raise people's living standard.
The present state of the Taiwan Power Company is best understood
by looking into some of its vital statistics, say, those of installed
capacity, units of electricity generated and total electricity sales.
With reference to the installed.capacity, by the end of 1979,
TPC has 46 power stations with a total installedh.capacity of 8,183
megawatt (M4), of which 1,392 IM or 17 percent is hydro 5, 519 MW
or 67.5 percent is thermal and 1,272 MW or 15.5 percent is nuclear.11
In addition., the peak load, i.e. the maximum demand on the system,
reached 6,069,800 kilowatt (KW), while the'annual average load was
4,326,020 KW. 12
In regard to electricity generation, it amounted to 37,896 million
kilowatt-hours (KWh) in 1979, of which 4, 544 million KWh or 12 percent
was from the hydro 27,947 million KWh or 72.2 percent was from thermal
and 6, 005 million. KWvh or 15.8 percent was from nuclear. 13
Turning to total electricity sales, for the year ending 1979, it
reached 35,321 million KWh, with 26,865 million KWh or 26.1 percent
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being consumed by industrial users, and 2,456 million KWh or 23.9
dential by residential and commercial users. 14
Viewed from the developmental perspective, TPC has been experiencing
rapid growth. The net production15 of electricity increases at an average
rate of 13 percent per annum over the period of 1969 to 197916 while
sales-17 to all users of electricity-have continued to grow at an'
average rate of 13.4 percent over the same period.18 Also, the structure
of capacity installation has undergone substantial change. Prior to mid-
fifties, the power system was predominantly hydro, while supplemented by
thermal.19 It is quite natural an occurence as Taiwan's mountainous
relief, heavy rainfall and swift streams do provide a hydroelectric
power potential for the generation of electricity. However, partly as
a result of increasing demand for electricity as the economy grew,' and
partly as a result of the increasing scarcity of favourite sites.for
dams due to the difficult topography, the construction of thermal
power stations was required to balance the electric power supply. during
the dry seasons. Since then, the dominance of hydroelectric power.has
been greatly eclipsing and from 1966 onward, the power system became
thermal dominant. In that year, 51.3 percent or 756, 726 KW was thermal
while 48.7 percent or 718,470 KW hydro. In 1977, nuclear generation
became available.20 It is an attempt for Taiwan to diversify its energy
sources in order to alleviate its dependence upon oil. As mentioned earlier
in this chapter, the price of oil quadrupled since the 1973-74 oil
crisis. Nuclear generation is now quickly gaining its importance in
energy supply. Its share in the total installed capacity increases from
9.1 percent in 1977 to 15.5 percent in 1979.21
Despite its rapid. expansion, TPC has still been unable to keep pace
with the even faster increase in electricity demand, especially in industrial
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sector.22 This kind of electricity restriction would affect the economic
development as it hinders production and damages goodwill.
1.2 The Purpose and Outline of the Studj
In order that sufficient and reliable power are to be provided, ther
is increasing need for the study of the demand for electricity for both
the short run and long run planning process. In light of the fact that
electricity is a kind of non-storable good, and the electric utility
industry is unique in large amount of capital investment cost, TPC
would be unable to formulate suitable development policies to perform
its functions successfully, in the absence of an in-depth study of
demand. Needless to say, any utility shortsightedness in planning
could lead to power shortage, which will, in turn, hurt Taiwan's
energy-intensive industries, such as textiles, paper and paper products,
chemicals and cement, which constitute major exports of Taiwan. In
addition, as the electric-utility is characterized by high fixed costs,
any ill judgement or blunder on the side of TPC would result in a
distortion of the allocation of resources which in turn implies a
waste of human and capital resources that would otherwise be utilized
judiciously for other inf ras tructural or industrial projects. It is
therefore in this sense that we hope that this study which centres
upon the optimization of electricity allocation and pricing will
provide an useful tool for generating further insight and information
helpful in analysing an efficient price-output situation for TPC.
In the first place, the characteristics of demand for electricity
for the residential, commercial and industrial sectors of Taiwan are
investigated and their respective demand functions are estimated.
Then we attempt to test for the feasibility of application of the
non-linear intertemporal programming model of the Takayama-Judge23
type to the electric utility in Taiwan. Finally, we are to determine
7an efficient allocation and pricing of electricity for TPC and
study the possibility of any further enhancement of social welfare
that can be achieved.
Within this framework, the formulation of our dynamic market-
oriented model is outlined as follows:24 Firstly, for the period
1980 to 1982 in the planning horizon, we first obtain the market
demand equations which are dependent upon a set of explanatory
variables by using Ordinary-Least-Squares (OLS) method.25 It is
assumed that the demand for electricity is determined by either
gross national product (GNP) or total disposable income, price of'
electricity, price of gas, and a lagged dependent variable to
capture the habit formation nature of the demand, because the
response of consumers to a change in income or prices is in general
spread out over time complete adjustment often takes years. Then
by using the coefficients of the demand model determined previously
together with the likely changes in the independent variables over
each period, we can arrive at the projected quantity demanded for
1980 to 1982. The quantity demanded figure is then combined with the
expected price level of electricity to determine the linear price-
quantity relationship.
Secondly, we go on to project the future supply quantities for
1980 to 1982. The constraints- physical, technological, and institutional-
are based on the information generated from various forecasts and ad
hoc trend projections.
Thirdly, these information components are incoporated in conjunction
with the concept of the net social payoff26 which provides a basis as
the optimising technique for determining the equilibrium prices and
quantities to form a quadratic quasi-welfare function.27 The quadratic
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programming technique will then be applied to obtain the optimal
electric energy prices, supply, and capacity expansion investment.
1.3 Organization of the Study
As a basis for the understanding of the optimization problem,
a survey on the recent development of the optimization models with
particular reference to those established by Takayama and Judge28,
which our present formulation drawn heavily upon, is given in chapter
II. In chapterlll a general background of the development and growth
of the Taiwan Power Company is given together with a concise description
of the problems it is facing in expansion. Chapter IV deals with the
formulation of optimization problem, which is defined precisely with
the detailed elaboration of the theoretical background of the model.
The methodology together with different sets of assumptions and
constraints under different economic scenarios are specified clearly.
Chapter V being a digression on demand estimations, provides a summary
of the studies concentrated on this area, which for our concerns will
be adequate to gain a deeper insight into the difficulties that have
been encountered in empirical testings. Methods of approach are covered
in detail. Chapter VI is devoted to the estimate.and limitations of
the demand projections. A thorough discussion on the judgement and
approach adopted for forecasting will be presented. Chapter VII gives
the methods and results of cost estimation. In addition, a survey on
empirical studies will also be presented. In chapter VIII, after
formulating the problem mathematically, the optimal pricing and
investment policies are derived. Discussion on data availability,
findings, tabulation results and interpretations are also furnished.
In the final chapter, we will give a summary and present a conclusion
to the study. In addition, it spells out the drawbacks and limitation
of the model and suggests the areas where further research are needed,
along with recommendations.
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NOTES TO CHAPTER I
1 Coal, natural gas, and crude petroleum are generally regarded
as the primary source of energy while electricity the secondary source.
2 In January 1967, the price of oil, when compared with the price of
other products if wholesale, was 10 percent lower than it had been
eleven years earlier. There were similar drops in the real prices
of gasoline and fuel oil. At 1970, the price of crude oil was about
US$3.1 per barrel. For details, see M. Willrich, ed. Energy and
World Politics (New York/London: The Free Press/Collier MacMillan
Publishers, 1975) p.28.
3 The United States became a net importer of petroleum (crude
and products) in 1947. Oil imports had already reached a rate of
35 percent on the eve of October 1973. For details, see M.A.




6 Willrich, Energy and World Politics, pp. 30-31.
7 OPEC is an intergovernmental oil producers' cartel founded
in 1960. The original members were Iran, Traq, Kuwait, Saudi Arabia
and Venezuela. It has expanded in recent years to include Algeria,
Indonesia, Abu Dhabi, Libya, Qatar, Nigeria, Eucador and Trinidad.
8 See Robert S. Pindyck, The Structure of World Energy Demand
(Cambridge, Mass.: The MIT Press, 1979), pp. 248-250.
9 A systematic treatment of the purpose of the study is given
in the next section of this chapter.
10 A detailed discussion of the background and development of
the Taiwan Power Company is given in chapter III.
11 See Taipower, Statistics Yearbook: 1979 (Taiwan Power Company,Taipei,




15 The net production is defined as the total amount of electricity
generated by and purchased from the Taiwan Power Company, excluding its
own consumption.
16 See Taipower, Statistics Yearbook: 1979, p.10.
17 Sales is defined as the total consumption of electricity
classified into lighting and power. From 1970 onward, the energy
sales does not include those consumed by the Taiwan Power Company.





22 In the past, TPC has been frequently forced by insufficient
generation to restrict electricity supply'to the industrial users.
To cite for example, during the period from June 4 to September 10,
1979, industrial users of over 1,000 kilowatts were subject to
power restrictions. In addition, power curtailment on a rotational
basis was carried out by industrial users of over 500 kilowatts.
For details, see Economic Research Department, Council for Economic
Planning and Development, A Brief Report on Taiwan's Economic
Situation: July-September 1979", Industry of Free China (November
1979), p.15.
23 See T. Takayama and G.G. Judge, Spatial and Temporal Price
and Allocation Models, (North-Holland Publishing Company, Amsterdam,
1971).
24 A more detailed description of the model will be fully given
in chapter IV.
25 See J. Johnston, Econometric Methods, (New York: McGraw Hill,
second edition), Chapter X.
26 This.criterion of measuring social welfare has been adopted
by many economists. See,for example, T. Takayama and G.G. Judge,
An Intertemporal Price Equilibrium Model, Journal of Farm Economics,
Vol. 46, No. 2 (May 1964), pp. 477-486.
27 Takayama and Judge, Spatial and Temporal Price and
Allocation Models, p. 108.




As already mentioned in chapter I, one of-our major objectives in
the present study is to determine an efficient allocation and pricing
of electricity for the Taiwan Power Company and study the possibility
of any further enhancement of social welfare that can be achieved.
In the process of so doing, we have attempted to maximize the net
social payoff over a time horizon of three years. But due to the
severe limitation on cost and investment data, the empirical results
are not quite satisfactory. Thus we concentrate solely on the one
stage maximization of the net social payoff. However, in order to
have a thorough and complete understanding of the optimization problem,
which appears to be of paramount importance in this study, the present
survey also covers the dynamic intertemporal model, in addition to
tracing its historical development and its application to the electric
industry.
2.1 History of the Development of the Dynamic Intertemporal and
Spatial Model
In the late 1940's and early 1950's, Koopmans-, Dantzig`, and others
developed the activity analysis model of production and allocation which
permitted the spatial pricing and allocation problems to be set out in
a new form. Based on this foundation, Samuelson3 showed how the general
non normative problems of partial equilibrium among spatially separated
markets could be converted into an extremum problem in which mathematical
programming could be used as a tool of analysis. In addition, he showed
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that the problem of inter-connected competitive markets contained
within it the Koopmans's(1949) minimum transportation cost problem.
Beckmann and Marschak4, following Reiter5, modified the spaceless
general activity analysis model of production and allocation by
including the transportation system in the production system as a
consumer of input. Thus they were able to develop an efficient spatial
allocation program and derive the set of prices consistent with this
program.
Mckenzie6, by the use of the activity analysis model, indicated
the applicability of the activity analysis model to the theory of
international trade. This model was further extended by Takayama7
to introduce transportation activities explicitly in the model.
Uzawa8, within the activity analysis framework, used a general equilibrium
trade model to derive conclusions regarding the effect of international
trade on the prices of factors of production. Building upon the
Beckmann and Marschak (1955) framework, Lefeber9 and Stevens 10 developed
linear programming spatial models to determine an efficient allocation
program.
In their 1964 papers, Takayama and Judge11, using linear price
dependent demand and supply functions to define an empirically oriented
quasi-welfare function, extended the Samuelson (1952) and Beckmann
and Marschak (1955) spatial.models so that the spatial structure of
prices, production, allocation and consumption for all commodities
could be determined within the model and proposed an algorithm which
could be used-to obtain directly and efficiently the competitive price
and allocation solution. These models have provided a foundation
stone for applied work in the spatial area and applications have
rnnocrd from highly gaaregated commodity studies to many region. multi-
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commodity investigations. However, the contributions discussed so
far have not taken the time dimension into consideration and thus
are either static or comparative static in nature. In his 1957 article,
Samuelson12 noted the similarity between problems over space and problems
over time and thus provided the logical basis for the introduction of
time into the model. In particular, he discussed intertemporal price
equilibrium in terms of a problem in the calculus of variations. With
this insight, Takayama and Judge 13 extended the conventional programming
spatial models to include the time dimension. In particular, the
concept of net social payoff (social payoff less transport cost) was
used as a basis for deducing the conditions of spatial and intertemporal
equilibrium and given linear dependencies between region supply, demand
and price for each time period and given transportation cost among
regions and storage cost from time period t to time period t+1, the
problem could be converted into quadratic programming problem that
could be solved directly for a competitive solution.
Within this framework, a range of new optimality models which
would permit the handling of a wide variety of spatial and-temporal
price and allocation problems involving linear and quadratic specification
were developed.
As a concluding remark, we can see that the inclusion of time
element has added a finishing touch to the formulation of the non-
linear optimization models, which can be applied to various economic
activities.
In addition, the work of Kuhn and Tucker' in developing the
optimality condition for non-linear models and the quadratic programming
of Barankin and DorfmanJ and Wolfe were prerequisites
for computation of the non-linear optimization models.
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2.2. Application of Non-linear Welfare. Maximizing Model
to the Electric Industry
Empirical evidence has shown that the Takayama-Judge type
optimization model in the aforementioned section has been applied
successfully in diverse fields, e.g. energy, agriculture and fishery.
To give a detailed description of all those empirical studies would
be both-time-consuming and unnecessary. It is for this reason that,
in this section we are going to focus our attention on the studies
where the optimization models has been directly applied to the electric
industry. That is to say, the scope of the review is strictly on
those dynamic optimization models for the electric utilities which
maximize their respective constrained social welfare functions. 17 A
number of studies have been selected for detailed synopsis while
others are simply noted either in passing or else in footnotes. In
addition, as the optimization model includes both the consideration
of demand and supply, a brief discussion on the relevant existing
reviews on these two topics will first be given to help understand
the optimization model.
On the demand side, an exhaustive survey and critique of the
econometric literature on the demand for electricity has been written
by Lester D. Taylor.18 In his paper, he focused on the residential
demand while the few studies analysing the commercial and the industrial
demand were also reviewed. Taylor noted that the demand for electricity,
being a derived demand and non-storable, ought to be distinguished
according to short run and long run, peak and nonpeak and classes of
users. As a conclusion, Taylor suggested the inclusion of both average
price and marginal price of electricity as predictors in the demand
functions where both quantities were to be taken from actual tariff
schedule instead of the conventional ex-post form. Also, further
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investigation into the peak-load pricing problems for the electric
industry was promptly recommended.
On the supply side, an excellent survey of investment models in
electricity supply has been undertaken by D. Anderson.19 Three classes
of deterministic approaches used to find the cost minimization solution
for. investment problem, namely, marginal analysis, marginal analysis
using simulation models and global models were examined. It was found
in his study that while these three forms were outwardly different,
ranging from graphical devices and marginal analysis to dynamic linear
and non-linear programming, that was a difference only of algorithms
they were basically different methods of solving the same kind of
problem. In addition, he also pointed out that global models and
marginal analysis using simulation models were actually complementary
technique in the following sense. Global models, which were designed
for appraising investment decisions over time, necessarily entailed
approximation. 20 But once approximate global solutions had been reached,
they could be examined in more details by a marginal analysis using
simulation model. At the end of his paper, Anderson presented three
linear programming extensions which introduced replacement and regional
decision variables and decision variable for hydro storage capacity
and storage policy into the model.
One point worth noting is that in most of the investment models,
the objective was merely cost minimization with quantities demanded,
prices of inputs and outputs treated as exogenous. None of them had
their objective set as the maximization of the net social welfare,
which takes account of both the market demand and supply relations.
A survey of the few exceptions are to be reviewed as follows.
16
Uri21, in an attempt to determine an efficient allocation and
pricing of electrical energy, employed an intertemporal spatial model
of the Takayama-Judge type. In proceeding his study, he has made
several modifications such as the inclusion of different types of
generation of electricity, an investment allocation process and an
explicit measurement of penalties involved due to physical, institutional
and technological limitations on various types of generating capacity
addition has been employed. Annual data on such variable in the model
were obtained for nine regions in the United States, from 1947 to 1970.
Within each region, three consumer sectors (residential, commercial and
industrial) were considered, Each of these three sectors exhibited a
distinguishable demand for electricity. The demand model was hence a
single equation model for each consumer sector. It was assumed that the
demand for electricity was determined by its price, per capita personal
income, the price of substitute fuels (gas), and the demand in the
previous period. The presence of the price of gas reflected the
influence of competing forms of energy, whereas the lagged dependent
variable acted as a predictor implying geometric (i.e. Koyck-type)
adjustment of demand-to a change in the independent variables. Average
price was used and was interpreted as a measure of efficiency of the
rate schedule for the particular consumer sector. The functional
specification for the equation was a variable-elasticity model. Since
it was double-logarithmic, the estimated coefficients represent
elasticities. Upon pooling cross-section and time series for each
consumer sector and using Ordinary-Least-Squares (OLS) as the estimation
technique, price elasticities were obtained and then translated into
point estimates of the requisite functions. The empirical results
showed that the quantity demanded of electricity was responsive to
both price changes and income changes but was less responsive to income
changes than to prices changes in the commercial and industrial sectors.
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On the supply side, three alternative methods of generating
electricity, namely, hydroelectric schemes, fossil-fueled steam-
electric plants and nuclear steam reactors were considered. The
distribution and transmission costs were computed, based on data from
different available statistical sources. Cost of generations required
special attention since it consisted not only of operating and maintenenc
cost-.but also the capital cost incurred when the generating plant
was constructed. The elaborate computation for the capital cost was
done with the help of a computer package, CONCEPT, which was designed
to estimate future capital cost of different plants under various
sets of economic and technical specifications. With the projections
of future demands and costs, Uri then proceeded to maximize the social
welfare function subject to physical, environmental and technological
constraints. Following the assumptions of Takayama and Judge (1971),
it was assumed that the demand functions were shown in linear price
dependent relations. Thus the objective function was quadratic.
In assessing the empirical results, Uri pointed out that there
was a misallocation of electricity among consumer sectors interregionally.
He indicated that the price of electricity was too high for the
residential and commercial sectors and too low for the industrial sectors,
and hence the latter was consuming a greater amount than was optimal
while the residential and commercial sectors were consuming less than
what would be optimal in an efficiency sense. Also, as Uri stated, the
welfare of the society could be greatly enhanced if there was co-
ordination among the utilities on a national basis such that the economic
efficiency could be greatly exploited. However, one serious drawback
that Uri`s study suffered is that he has overlooked the capacity
requirement which states that the capacity of the system should be able
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to meet the maximum demand duly. The failure to incorporate the
consideration of the maximum demand into the optimization model would
unmistakeably result in a misleading and unrealistic solution to the
problem.
In Rowse Isstudy, he attempted to determine optimal intertemporal
pricing and investment for an electric industry. The modelling approach
of his study can be described as follows.
It was assumed that a multiple plant monopolist was trying to
determine a sequence of capacity increments for meeting electricity
demands extending over time to a particular planning horizon, so as
to maximize a specific postulated welfare function. The conventional
criterion chosen was the maximization of consumers' plus producers'
surplus. Each demand function was defined for a particular time period
and was known with complete certainty. An approximate load duration
curve was employed to represent power demand variability over time.
With regard to supply, the production system consisted of both
existing and prospective plants, each of which possessed its own set
of technical and non technical constraints. Within this setting, no
influence of substitute energy sources on the demand for electricity
were allowed, and there was no dynamic intertemporal relationship
among demands. The model was applied to the Saskatchewan Power
Corporation in the Canadian-Province of Saskatchewan. Within this
context, Rowse also illustrated the numerical quantification of
tradeoffs among price, energy provision and generating capacity and
improved environmental quality. The approach consisted of integrating
electrical energy demand functions into a conventional power supply
planning model to solve for optimal intertemporal prices, supply
quantities and capacity additions. Derivation of tradeoffs then
followed directly from re-optimization of the model under constraints.
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In his findings, Rowse suggested that the conventional criterion
of maximizing consumers'plus producers' surplus might have to be
modified, for the sake of social benefit, to yield solutions which
did not exhibit substantial producers' surplus over time. In addition,
secondary and tertiary factors, e.g. prudent public health policy,
complete assurance of reactor safety etc., bearing on decision-making
were essential in assessing optimal investment policy as there exists
a large number of near-optimal intertemporal capacity expansion solutions
in the neighbourhood of the optimum one.
Manne's23 study was the only study under review that focuses
on an endogenous treatment of uncertainty. The aim of his study is
to select an optimal mix of generating plant. The focus is on the
problem of uncertainty with respect to the date of commercial availability
of breeder nuclear reactors. Sequential probabilistic programming
model was employed, thus making it possible to optimize the mix of
fossil., nuclear and pumped storage plants to be installed during the
1980s, under the assumption that breeder technology would become
economical at some point during the 1990s.
Within the model, the probability that the future uranium resources
scarcities would lead to an increase in electricity prices and hence
a reduction in the projected demands was allowed and was viewed as a
random variable. For flexible peak demands, it was supposed that
future electricity prices were high enough to limit demands to the
supplies available, that prices were equal to the level of marginal
supply costs, and that income distribution consequences might be
neglected. Also, in order to simplify the modelling, Manne assumed
that there was no distinction between the short- and long-run
elasticity. A step function, using three energy blocks were used
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to approximate the annual load-duration curve. On the supply side,
six alternative processes for generating electricity: LWRs (light
water reactors), breeders, pumped storage, and three types of
fossil units were considered. The cost coefficients, excluding
income and property taxes, were computed by multiplying capital
outlays per unit of capacity type with the associated probabilities.
Then-these future capital costs were converted to present values.
The main conclusion of this constrained dynamic optimization model
was that the initial investment policy was virtually identical,
regardless of whether the.breeder availability date was viewed as
a random variable or not.
Up to now, the aforementioned empirical-studies reviewed were
all performed for the United States and Canada. Hong-chang Chang,24
in his Ph.D. dissertation, attempted to solve for the peak load
pricing policies for Taiwan Power Company, by the use of a dynamic
quadratic optimization model. The peak-load problem was formulated
in a dynamiccontextas anoptimalcontrolmodelwhichwoulddeterminthe optimalprices,productionandinvestment.In this setting, the
model would be able to cope with the dynamic changes of the economy
on the one hand and achieve an efficient utilization of expensive
stock on the other.
With a few assumptions and capacity constraints, he illustrated
that an implementable solution would be found by performing an iterative
process that determined the optimal plant size-technology mix to be
installed, based on the projection of future demand patterns of every
period in a cycle over the planning horizon. It was shown that the
marginal cost pricing would be valid in the case of no rate-of-return
constraint and the optimal investment rule was to increase capacity
the optimal prices, production and investment.In this setting, the
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until the marginal contribution of capital stock to social welfare
was equal to the marginal purchase cost of the capital stock.
Chang then included more constraints into his model to
emphasize the financial and production technological aspect. It
was thus proved that prices would be equal to fuel costs adjusted
by a factor involving own price-elasticity of demand when the minimum
rate-of-return constraint was binding. They were thus departed from
marginal cost pricing. Also, due to the diminishing productivity of
fuel in the short run, all users of different period contributed
their shares of capacity changes, and the producers' surplus would
be used to pay for the capacity costs. As a conclusion, it can be
seen that, with the rate-of-return constraint, marginal contributions
of capital stock of social welfare (shadow price) would be higher
than when it was not binding. Hence the financial and productive
technology constraints played an important role in determining the
price policies.
It must be noted, however, that-in Chang's study, theoretical
formulation was heavily emphasized and no empirical findings were
available. Hence, the validity and usefulness of the dynamic
optimization model formulated remain to be tested.
As a final comment, we can see that although extensive and
intensive studies on demand and supply behaviour for the electric
industry have already been undertaken separately, relatively little
has been performed with the consideration of both demand and supply
together. To fill in the gap, it is felt that the Takayama-Judge
type optimization model, though already been applied successfully
in the North America in diverse fields, has not yet been seriously
considered as an analytical tool for the study of the optimal pricing
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and allocating of the electric utility in the case of Taiwan. It is
felt that an empirical study for Taiwan along this line would enable
generation of information helpful in analysing normatively an
efficient price-output situation for electricity. It is therefore,
within this context, that we attempt to reckon with both demand
and supply at the same time and attain an optimal solution such that
the net social payoff would be maximized.
23
NOTES TO CHAPTER II
1 T.C. Koopmans,"Optimal Utilization of the Transport System",
Econometrica, Vol. 17 (1949) pp.136-146..
2 D.G. Danzig, Programming of Interdependent Activities:
Mathematical Models, in Analysis of Production and Allocation ed. by
T.C. Koopmans (John Wiley and Sons, New York, 1951.)
3 P.A. Samuelson, Spatial Price Equilibrium and Linear
Programming, American Economic Review, Vol. 42 (1947), pp. 283-303.
4 M.J. Beckrlann and T. Marschak, An Activity Analysis Approach
to Location Theory, Proc. Symp. Linear Programming( Washington D.C.
(1955) ti.357-3T7.
5 S. Reiter, Trade Barriers in Activity Analysis, The Review
of Economic Studies, Vol.20 (1953) pp.174-180.
6 L.W. Mckenzie, Specialization and Efficiency in World
Production, Review of Economic Studies,Vol. 21 (1955) pp.165-180.
7 A. Takayama, International Trade Economics( Toyo-Keizai,
Shinposha Publishing Company, Tokyo, 1963).
8 U. Uzawa, Prices of the Factors of Production in International
Trade, Econometrica, Vol.27 (1959), pp.448-468.
9 L.Lefeber, Allocation in Space (North Holland Publishing Company:
Amsterdam, 1958).
10 B.H. Stevens, An Interregional Linear Programming Model,
Journal of Regional Science,Vol. 1 (1959), pp.60-98.
11 T. Takayama and G.G. Judge, Equilibrium among Spatially
Separated Markets: A Reformulation, Econometrica, Vol. 32 (1964),
pp.510-524 and T. Takayama and G.G. Judge, An. Interregional Activity
Analysis: Model of the Agricultural Sector, Journal of Farm Economics,
Vol.46, (1964), pp. 349-365.
12 P. A. Samuelson, Intertemporal Price Equilibrium, Weltwirtschaft-
liches Archir,Band 79 (1959), pp. 181-221.
13 T. Takayama and G.G.. Judge, An Intertemporal Price Equilibrium
Model, Journal'of Farm Economics, Vol. 46, (1964), pp.477-484.
14 H. Kuhn and A. Tucker, Non-linear Programming in Proceedings
of the Second Berkeley Symposium,ed.by J. Neyman, (University of
California Press, 1951), pp. 481-492
1j E.W. Barankin and R. Dorfman, On quadratic Programming,
University of California Publication in Statistics,Vol. 2, (1958)
pp. 285-318.
24
16 P.M. Wolfe, The Simplex Method for Quadratic Programming,
Econometrica,Vol.27 (1959),pp. 382-398.
17 For basic reference on this subject, see, H. Hotelling,
The General Welfare in relation to Problems of Taxation and of
Railwav an Utility Rates, Econometrica, (July, 1938) Vol. 6, pp.242-269.
18 Lester D. Taylor, The Demand for Electricity: A Survey,
Bell Journal Economics and Management Science, (Spring 1975), pp. 74-108.
19 D. Anderson, Models for Determining Least Cost Investments in
Electricity Supply, Bell Journal of.Economics and Management Science,
Vol.3 No.1 (Spring 1972), pp.267-299.
20 The practical details of the alternative programs, particularly
of the individual projects in the programe were too numerous to be
handled in one computer run.
21 N.D. Uri, Towards an Efficient Allocation of Electrical Energy,
(D. C. Heath and Company, 19 75).
22 J. Rowse, Towards Optimal Capacity Expansion for an Electric
Utility-- Discussion Paper No.229 (Department-of Economics, Queen's
University., Kingston, Canada, June 1976)
23 A. Manne, Energy: Demand Conservation and Institutional Problem,
r mh riAaA- MTT Prpcp_ 19 74)_ chanter 9.
24 H.C. Chang, Dynamic Peak Load Pricing and Investment Policies
of a Nationalized Electric Utility,(The Institute of Economic Academia




HISTORICAL BACKGROUND AND PRESENT DEVELOPMENT
OF TAIWAN POWER COMPANY
In the introductory chapter, we have already had a brief review
of the present state of the electric industry in Taiwan. In order to
gain an indepth perspective on the supply of electricity in Taiwan,
the historical background of Taipower, together with a discussion on
the unique aspects of electricity, is detailed in this chapter before
proceeding to our main task.
3.1 Historical Development of the Electric Utility in Taiwan1
The development of electricity can be traced back to the Ching
Dynasty in which a small electric power, powered by a steam-engine
was built in 1898. However, it was soon given up due to the tremendous
high cost of generation. The earliest hydroelectric power.-station
with a generating capacity of 600 KWJ was built by the Japanese in July
1905. Subsequent developments on larger scale were carried out after
World War I. As most of them were run by private corporations, there
was scarcely any connection among them. Furthermore, they supplied
only local illumination and signified little in the development of
industrial power.
Later, the Government of Taiwan realized that a cheap and adequate
supply of power must precede industrialization in order to achieve
steady economic growth with relative price stability. Thus, electric
power was placed in the first line of development. In August 1919,
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the Taiwan Power Corporation Limited was organized to be responsible
for water power development. With that establishment, the corporation
had then started to buy in small power stations in various places and
tried at the same time to build larger power stations. The completion
of hydroelectric power plant at Sun Moon Lake in 1934 resulted in a
sudden increase in the amount of electric power for industrial use and
the first stage of rural electrification program was thereby implemented.
During the World War II, almost most of the whole power station
system of Taiwan was crippled and in August 1945, when Japan surrender)
the capacity of generating facilities dropped to 70,000 KW, and the
system was barely able to carry a peak load of 33,000 KW which could not
electric power, one third of its original capacity could be restored.
This inevitably forced some larger factories to close down owing to
the lack of power and industries were brought to a state of almost
complete collapse. In 1944, all the power enterprises on the island
were merged into a monopolistic corporation. It was consisted of
33 power stations among which 25 were hydro and the remaining thermal.
The installed capacity reached 321,000 KW and it supplied electricity
to 440,000 users. The peak load demand was around 177,000 KW and the
yearly generation was 1,195 million Kwh.
At the time of the restoration of Taiwan in 1945, the installed
capacity of the whole system was 275,255 KW, of which 221,065 or 80
percent of the total was hydraulic and 54,190 or 20 percent of the
total was thermal. During the early years after the restoration of the
island, the Taiwan Power Company (Taipow-.er hereafter) was founded in
May 1946 and became a government-owned enterprise. After taking
over the facilities from the Japanese concern, it did its best to
meet the post-war needs. Even after repairs, only 105.000 KW of the
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restore the whole system. The post-war development of the electric
utility can be roughly divided into three periods as follows:
(1) Period of restoration and rehabilitation (1945-1950)
(2) Period of grass-root expansion (1950-1952)
(3) Period of planning development (from 1953 onward)
(1) Period of Restoration and Rehabilitation (1945-1950)
During the early stage of restoration, the generation, transmission
and distribution systems were almost completely paralysed due to
continuous bombings by the Allied Army in the World War II. In addition,
the typhoons and floods in 1943-1944 also led to severe -damage of the
hydro plants. As a result, the total capacity dropped to 33,000 KW.
By 1950, the former level of production together with the transmission
and distribution facilities in the pre-war period has almost been fully
restored, although no increase in installed capacity could be realized.
(2) Period of Grass-Root Expansion (1950-1952)
After the outbreak of the civil strife in the China Mainland, the
National Government, together with factories and staff, were forced to
withdraw to Taiwan in the second half of 1949. The influx of masses of
people from the mainland forced the population of Taiwan up in one leap
from six to eight million, and consequently led to a rapid increase in
the demand for electricity. In order to meet this need and to move
toward the direction of self-sustaining and self-improving economy,
Taipower started to expandband within three years (1950-1952) several
hydro power projects had been completed successfully. The increase in
the installed capacity amounted to 53.75 MW.
(3) Period of Planning Development (from 1953 onward)
Since 1953, the Government has undertaken six Four-year Economic Plans
in order to achieve balanced economic growth. Development of both
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agriculture and industry were simultaneously emphasized. In order to
keep pace with the national economic projects implemented by the
Government, Taipower had consistently endeavoured in power development,
diversification of energy sources,. improvement and expansion of
facilities, reinforcement of operation and maintenance of system
installations. Since 1953, it has successfully launched on its four-
year planning projects along side with that of the Government as a means
of promote rural electrification, to fulfill the customers' power
demand for electricity and to improve on the reliability of service.
Until 1.962, the power system in Taiwan was predominantly hydroelectric
and supplemented by thermal power. In 1962, the total installed capacity
of Taipower was 923,000 KW of which 538,000 KW or 58 percent was hydro
and 385,000 KW or 42 percent was thermal. Net generation in 1961 totalled
4,084 million KWh of which 57 percent was hydroelectric. Nevertheless, as
favourite sites for dams and power stations became scarce owing to
topographical difficulties, thermal power stations had to be constructed
to balance the power supply.
With the completion of several big thermal power stations in
recent years, the traditional proportion has changed drastically. In
1979, the total installed capacity was 8,182,705 KW of which 1,391,470
KW or 17 percent was hydro and 5,519,235 KW or 67.5 percent was thermal.
It may be concluded that, the power system, at present, is predominantly
thermal and supplemented by hydro and nuclear with increasing emphasis
on the nuclear plants expansion to boost alternative energy supply
sources.
Table 3.1, which compares performance of Taipower in 1953 and 1979,
would give us a brief account of the achievement of Taipower during these
years. As can be seen from Table 3.1, the phenomenon that installed thermal
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TABLE 3.1
COMPARISON OF PERFORMANCE OF TAIPOWER BETWEEN 1953 AND 1979
(2)-(1)























Source: compiled from Taipower, Statistics Yearbook:1979, (Taiwan
Power Company, Taipei, Republic of China).
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capacity enjoyed the biggest growth rate indicates a gradual swift of
importance from hydroelectric to thermal generation.
3.2 Present State of Tai power (1979) 2
In order to provide better understanding of the electric industry in
Taiwan, a full account on the present status of Taipower is presented
below. A pertinent summary on the generation and sale statistics will.
be provided to illustrate the peculiar characteristics found uniquely
in the electric industry. This would, hopefully, bring together all
the different factors that might affect pricing efficiency in our
optimization model.
3.2.1 Installed Capacity
Taiwan's mountainous relief, heavy rainfall and swift streams,
which provide a hydroelectric power potential for the generation of
electricity, are the key to the early industrialization in Taiwan.
From Table 3.2, it is shown that for the period 1953-1965 the power
system was still predominantly hydro while supplemented by thermal.
However, as favourite sites for dams and power stations became scarce
due to the difficult topography, construction of thermal power stations
were required to balance the electric power supply during the. dry season.
With the completion of several big thermal power stations, the traditional
proportion has changed drastically. Since 1955, the dominance of hydroelectric
power has been greatly eclipsing, and this is especially true of the
percentage represented by the net energy output. The year 1966 marks a
significant change in the history of the development of the power industry
in Taiwan as it is first time that the power system became thermal dominant.
In that year, the thermal installed capacity was 1,475,200 KW of which
756,726 KW or 51.3 percent was thermal while 718,470 KW or 48.7 percent hydro.
Since the oil crisis in 1973-1974, it becomes obvious that an oil-
TABLE 3.2
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Total
NuclearThermalHydro increaseInst. Cap. (KW)






47.0557,72653.0628,4701965 24.41,475,19651.3756, 72648.7718,4701966 7.11,579,62154.3858,45145.7721, 1701967 22.81,940,26162.81,219,09137.2721, 1701968 15.72,245, 261










Source: riaipower, Statistical Yearbook,1979, (Taiwan Power Company, Taipei, Republic of China), p.91
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importing country like Taiwan should diversify its energy sources in
order to alleviate its dependence upon oil. There is thus an urgent
need for the building of nuclear plants. Nuclear generation became
available from 1977 onward and is now quickly gaining its importance
in energy supply as it gives promise for further fuel economy and
more economical production of electricity.
BY the end of 1979, Taipower has 46 power stations with a total
installed capacity of 8,813 MW of which 1,392 MW or 17 percent is
hydro 5,519 MW or 67.5 percent is thermal and 1,272 MW or 15.5
percent is nuclear. At present, they can meet the total power
requirements.
3.2.2 Generation, Peak Load, Average Load and Load Factor
In 1979, the net system generation amounted to 37,896 million
Kwh, of which 12.0 percent or 4,544 million KWh was from the hydro
power plants, 72.2 percent or 27,347 million KWh was from thermal*
and 15.8 percent or 6,005 million KWh was from nuclear (see Table
3.3). Peak load, i.e. the maximum demand on the system, reached
6,069,800 KW while the annual average load was 4,326,020 KW (see
Table 3.4).
In addition, Taipower has experienced a gradual shift of peak
load from winter to summer, indicating an increasing usage of air-
conditioning in summer time as a result of higher living standard
of the economy. Furthermore, central air-conditioning for the
commercial establishments is also growing and has a pronounced
effect on load characteristics. Load factor (ratio of energy actual
delivered to energy that would have been delivered if the maximum
demand had prevailed every hour, every day of the year) was 71.39
percent in 1979. From Table 3.4, we can see that an improvement in
load factor has been brought forth and for the recent years it stayed
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TABLE 3.4
PEAK LOAD, AVERAGE LOAD AND LOAD FACTOR (1961- 1979)






















Source: Taipower, Statistics Yearbook:1979, (Taiwan Power Company, Taipei,
Republic of China), p.10.
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steadily at around 70.0 percent. This improvement is most likely resulted
from the successful effort of Taipower in diversifying the time-of-load
incidence. Off-peak tariff, offering lower rate, has been introduced
to customers as an incentive to modify their consumption pattern. It
can be easily seen that load factor has a significant bearing on the
development of the electric utility as a low load factor would inevitably
require an investment in capacity that would otherwise have been more
efficiently employed for other infrastructural development.
3.2.3 Sale and Number of Customers
In 1979, total electricity sales reached 35,321 million KWh 76.1
percent or 26,865 million KWh was consumed by industrial users and 23.9
percent or 8,456 million KWh by residential and commercial users. Although
the consumption of electricity is still dominated by industrial sector,
the residential consumption, which constitutes a major portion of the
lighting load, has gradually been picking up its market share in sales
(see Table 3.5). The total number of customers at the end of 1979 was
4,152,000 compared to that of 3,827,000 in 1978 (see Table 3.6). Out
of the total customers, 3.5 percent were power customers, 84.4 percent
were residential customers and 12.1 percent were commercial customers.
The increase in per capita consumption of lighting implies that each
existing customer is using more electricity than before. Thus the
fact that people can now afford more domestic electrical appliances
than before, can be interpreted as an overall improvement in living
standard. And as far as demand for electrical energy is concerned,
an increase may be brought forth by an increase in either (1) per
capita consumption or (2) number of customers. At present, practically
every one has electric services and thus the future growth of sales will
to a large extent, come from population increase and from rising use on
the part of existing customers.
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Source: Taipower, Statistics Yearbook:1979,( Taiwan Power Company, Taipei,
Republic of China), p.45.
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3.2.4 Line Losses (Transmission and Distribution Losses)
Line losses are the losses incurred when transmissing and distributing
electricity from the power stations to the customers. Practically, an
improvement in line losses is one of the important activities for Taipower
in order to increase efficiency in transmission and distribution.
Reduction of line losses definitely reduces the operating costs and
improves the quality of electric power. The percentage of the total
line losses was 6.6 percent in 1979 which was lower than that of 7.2
percentage in the previous year (see Table 3.7).
TABLE 3.7
LINE LOSS OF TAIPOWER (1961- 1979)
Line Loss
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Source: Taipower, Statistical Yearbook1979,(Taiwan Power
Company, Taipei, Republic of China), p.11.
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3.2.5 A Brief Description of the Major Existing Power Stations
Finally, as a supplement to the above statistics, a brief description
of the major existing power stations of Taipower is furnished below.
(1) Talin Thermal Power Station
This station is located in Hsiao Kang, Kaohsiung, with five
units of steam turbine generators totalling 1,850 MW, and four
units of gas turbine generators totalling 247 MW. The total
installed capacity is 2,097 MW. This is the largest thermal
station on Taipower's present system.
(2) Linko Thermal Power Station
This station located in Linko, Taipei, has two units of
steam turbine generators of 300 MW and 350 MW, four gas turbine
generators of 284.8 MW and 10 diesel generators of 60 MW, the
total capacity is 994.8 MW.
(3) Hsiehho Thermal Power Station
This station is located in the suburb of Keelung City. Three
units of steam turbine generators are in operation, and the fourth
unit is being planned. All units are rated 500 MW, and the ultimate
station capacity will be 2,000 MW.
(4) Shenao Thermal Power Station
This station is located on the sea coast of Juifung, Taipei.
It has three units of steam turbine generators with installed
capacity of 75 MW, 125 MW and 200 MW respectively. The total
capacity is 400 NW.
(5) Chingshan Hydro Power Station
This station is located on the mid-stream of Tachia River
with a concrete gravity dam. It has four units of Francis
Turbine generators with installed capacity of 90 MW each. With
a total capacity of 360 MW, it is the largest hydro power station
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on present Taiwan system.
(6) Techi Hydro Power Station
With the multiple purpose of power generation, irrigation
flood control and public water supply, this station is the key
to the development of Tachia River's hydro resources. The
reservoir formed by construction of a concrete arch dam supplies
not only the need of the station itself, but also the down
stream hydro station, such as Chingshan, Kukuan and Tienlun. It
has three units of water turbine generators of 78 MW each, with
the total capacity of 234 MW.
(7) Kukuan Hydro Power Station
This station is also located on the mid-stream of Tachia
River where an arch dam is constructed to form the regulating
pond. Four 45 MW units of vertical axial type water turbine
generators are installed, the total capacity is 180 MW.
(8) Tienlun Hydro Power Station
This station is also located on the mid-stream of Tachia
River near Pailun, where a concrete gravity dam is constructed
to form the regulating pond. It is the pioneer plant of Tachia
River power development. Four 26.5 M4 units of water turbine
generators are installed, totalling 106 MW.
(9) First Nuclear Power Station
This station is located in north Taiwan, two 636 MWeBWR
steam generators are installed. The total capacity is 1272 MWe.
It is the first nuclear power station in Taiwan.
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- NOTES TO CHAPTER III
l This section draws heavily on C.S. Chen, Taiwan: An Economic
and Social Geography, Vol.1, (Fu-min Geographical Institute of Economic
Development, Taipei, Taiwan, 1958)
2 This section draws heavily on Taipower, Report and Accounts:
1979, (Taiwan Power Company, Taipei, Republic of China) and Taipower,




FORMULATION OF THE INTERTE1'KPORAL
PRICE EQUILIBRIUM MODEL
Since the primary concern of our study is to test for the applicability
of the non-linear social welfare maximization model to the power system
in Taiwan, we have given, in chaptersll and III,a review of literature
on relevant studies and an overall view of the economic setting of Taipower.
In this chapter, an intertemporal price equilibrium model, which is drawn
heavily upon that of Takayama and Judge, will be introduced in conjunction
with the specification of the optimality conditions that an optimal solution
must satisfy.
Before we proceed to the mathematical formulation directly, first of
all, a brief description of the Takayama and Judge model is presented
in the following to shed some light on the overview of the model.
4.1 Some Background for the Intertemporal Price Equilibrium Model
The intertemporal price equilibrium model, which originated from
an initial activity analysis with time dimension by Samuelson2, was
largely developed and extended by Takayama and Judge. In their study,
they have proved vigorously that the model can be formulated in either
the quantity domain or the price domain.3 In addition, the price and
quantity formulations are equivalent in terms of the Kuhn-Tucker
optimality conditions4 and can become identical by a unique linear
transformation between the price and the quantity variables.5 This
primal and purified dual formulation plays an important role in application
since it enables the various types of intertemporal models to be formulated
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in terns of either price variables or quantity variables and thus permits
a greater degree of flexibility in application. Obviously, for equilibrium
models involving additional quantitative restrictions such as production,
consumption, import and/or export quotas, the quantity formulation is the
appropriate basis.On the other hand, to incorporate additional price
restrictions, such as, price floor and ceiling, fixed and ad valorem
tariffs, export subsidies, etc., use of the price formulation is more
convenient, especially for the international trade analysis.
By virtue of this fact, in the case of our study in which little
information on price restrictions can be generated, a quantity
formulation of the equilibrium models appears to be an appropriate and
justifiable approach.
Furthermore, a quadratic programming model6 has been preferred
to a linear one because of its capability to reflect the price and
quantity interaction. Application of the model thus permits both the
prices and quantities to be determined endogenously. Toward this end,
linear functions are assumed to be acceptable approximations of the
demand functions. This specification, results in a quadratic quasi-
welfare function. The net social welfare, i.e. the quantity which
involves the subtraction of the integral of the supply function from
that of the demand function over the appropriate quantity domain forms
the basis for the mathematical programming model which is used as the
optimizing techniques for determining the equilibrium prices and flows.
In addition, the Kuhn-Tucker conditions provide us with the necessary
and sufficient conditions for optimality while a primal-dual programming
function8 permits the use of Wolfe's9 simplex method for quadratic
programming solution algorithm.
4.2 Economic Environment, Notation and Definition Used in Formulating
the Model
4.2.1 Economic Environment
In an attempt to determine an efficient allocation and pricing
of electricity, an intertemporal model of the Takayama-Judge type is
developed. The model is not cast in a general equilibrium framework. Other
markets are considered to be outside of the investigation. That is to say,
optimum efficiency is discussed only in a partial equilibrium setting.
Within our model, legal and administrative constraints are not taken
into consideration. Electricity is recognized as non-storable and must
be consumed within a finite time horizon that can be partitioned into
discrete time periods.
In addition, it is assumed that the electric utility, which is
responsible for the allocation and pricing of electricity, does not
act as a monopolist in seeking to maximize profits but rather set a
policy that will maximize social welfare in relation to available and
future supplies. For this purpose, the sum of the producers' and
consumers' surpluses less all costs incurred is used as a suitable quasi-
welfare measure. Further, future quasi-welfare is assumed to be
commensurable with present quasi-welfare by the introduction of a social
rate of time discount factor. 10
Within this setting, three consumer sectors (residential, commercial
and industrial) will be considered. Each of these sectors exhibits a
distingusihable demand for electricity. With appropriate specification
of the demand function, the demand for electricity by each sector can be
determined. This, in turn, determines the linear relation between the
price of electricity and the quantity demanded respectively. Detailed
treatment of the estimation of demand will be given in Section 5.4.
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On the supply side, alternative methods of generation, namely
hydroelectric, thermal and nuclear will be considered. It is assumed
that the supply functions, the transmission and distribution costs are
known.
Furthers,capacities for the three types are also known in the
initial year and no addition of capacity is possible within that perio,
Detailed coverage of the estimation of cost is set out in Section 7.4.
4.2.2 Notation and Definition
As a basis for specifying the model in the mathematical form, let
i where i= 1, 2,..., N denote the consuming sector
8 where 9= 1, 2,..., M denote the plant type for
generating electricity
t, T where t, T= 1, 2,...., T denote the discrete time
period (in one year increments)
yt for all t denote the total quantity of electricity
demanded in the tth period
y1t for all i, t denote the quantity of electricity demanded
by the ith sector in the tth period
xt for all t denote the total quantity ofelectricity
generated by all plant types in the tth period
xt for all 0, t denote the quantity of electricity
generated by plant type 9 in period t
Wt for all t denote the total investment in capacity that
will be added to the system in period t
W for all t denote the total investment in capacity for
t each plant type that will be added in period t
Wte for all 9, t denote the maximum investment in capacity
that can be added in period t for plant type 0
Ste for all 9 denote the generating capacity of plant type
9 existing in period 1
Peit for all i, t denote the demand price on the ith sector
in the tth period
Pet for all t denote the supply price in the tth period
p for all t denote the annual maximum demand for period t
t
f(xt) for all t denote the transmission and distribution cost
of the total units generated in period t
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for all 8, t denote the generation cost for plant type
8, in period t
for all t denote the total transmission and distribution
facilities investment cost in period t
for all 0, t denote the capacity investment cost for
plant type 8 in period t
for all t denote the total of customer accounts and
sales expense, administrative and general expenses, interest
charges and miscellaneous non-operating expense.
Let us assume that the demand functions are given as the following
linear functions of price:-
Demand function:
(4.2.2a)
where ait and fit are unknown regression parameters.
Alternatively, the inverse expression of (4.2.2a) is
(4.2.2b)
where we assume it it o, for all i,t
The set of quantity dependent demand function (4.2.2b) may be written
in matrix form as
(4.2.2c)Peit
or more compactly as
(4.2.2d)
where it is symmetrical and positive definite.
The short run cost function is denoted as g(xt8) and the cost
function for additional capacity is given by G(Wte). For each time
period, the total quantity of electricity actually consumed must be
less than or equal to the quantity generated by all plant types less
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the total transmission and distribution loss:
(4.2.2e)
where transmission and distribution loss is expressed as a fraction
of the total units generated, say, xt, where 0< <1 and the total
quantity of energy actually consumed is the sum of the quantities
consumed by each of the sectors.
(4.2.2f)
For each plant type and each time period, the total generation of
electricity is less than or equal to the net generation from each
plant type.
(4.2.2g)
For each plant type in each period, net generation must be less than
or equal to the net generation from that plant type existing in the
first period plus the generation from the capacity of the given plant
type added in the first and subsequent periods:
7
for all 0, t (4.2.2h)
where Ye is the depreciation rate forand
each plant type.
In addition, for each time period, peak load demand is less
than or equal to the total capacity available at that period:
(4.2.2i)
Finally, for each plant type specifically considered (i.e.
hydroelectric, fossil-fueled and nuclear), in each time period,




Given that the problem is marked at an initial point of reference
(i.e. t=1), it is assumed that capacity cannot be added instantaneously,
so that only capacity existing in this initial period is available
to meet demand. Consequently, net-addition to capacity is constrained
to be less than or equal to zero in the first period:
-.(4.2.2k)
If future welfare is looked upon as commensurable with present welfare
through a common time discount factor, say
t=1, 2,....., T with yd being the social rate of discount, the following
discounting convention can be used: let
(4.2.21)
where NSP and NSP(t) for all t stand for the total net social payoff
and undiscounted net social payoff measured at the tth period.
4.3 Mathematical Formulation
Given the above specification, our objective is to develop a
mathematical programming model which will yield an equilibrium price and
allocation solution.
Let us define a total discounted net quasi-welfare function as:
Given the economic environment and the objective function (4.3.1),
our purpose is to fine
to the constraint sett (4.2.1e) through (4.2.1k) and
The net quasi-welfare function (4.3.1) is a strictly concave
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function12 with respect to it , xl, xl and wt, since the coefficient
matrix iL.defined in (4.2.2d) is positive definite and symmetrice.
By the equivalence theorem13, the quadratic optimization problem
can be transformed into the following saddle value problem 14:
(4.3.2)
4.4 The Optimalit Conditions and Definition of Intertemporal Equilibrium













for all 0 and t
Condition (4.4.1) states that when demand is positive, the
discounted demand price t-1. Peit must be exactly equal to the
discounted-market demand price prevailing across sectors for a given
time period. When the optimal demand (yit is zero, the discounted
rdPmnn price is either less than or equal to the market demand price
for each sector and time period. Thus,
Condition (4.4.2) states that when the total net generation xit
is positive, the difference between the discounted market demand
isand discounted market supply prices, o t-1
equal to the discounted marginal transmission and distribution cost





Condition (4.4.3) states that when there is a positive amount
of electricity generated from plant type 0, the discounted market
supply rice .t-1 p 2 is equal to the discounted cost of additionalPrice 0 t-1 pt2i
capacity investment cost at-1 for each sector and time period.
When there is no electricity generated by plant type 8, the discounted
supply price is either less than or just equal to the discounted
investment cost of electricity generation plus the discounted marginal
operating cost.
Condition (4.4.4) states that when there is a positive addition
to generating capacity of plant type 8, the discounted cost of addition
is equal to the discounted marginal costto capacity
plus the discounted marginal cost of transmission
of new plant
) plus the discountedand distribution investment cost,
society incurs for not being able to expand capacitypenalty
beyond a limit imposed on it by physical and technology limitation.
When Wte= 0, the discounted cost of additional capacity is less than
or equal to this latter amount.
Condition (4.4.5) through (4.4.9) are expressions of the efficient
valuations of electricity in the economy. For example, when discounted
t- I- 1demand price,a pt is positive, then (4.2.2e) holds with equality
i.e. for each time period, the total quantity of electricity consumed must
be equal to the net quantity supplied by all plant types.
53
NOTES TO CHAPTER IV
1 For reference, see T. Takayama and G.G. Judge, Spatial and
Temporal Price and Allocation Models, North-Holland Publishing
Company, Amsterdam 1971), Chapter VII.
2 P.A. Samuelson, "Spatial Price Equilibrium and Linear
Programming", The American Economic Review, Vol. 42, (June 1952),
pp.283-303.
3 The quantity formulation and the price formulation of the
price equilibrium model are detaised in Takayama and Judge, Spatial
and Temporal Price Allocation Models, Chapters VII and VIII
4 The Kuhn-Tucker condition states that for to be a
solution for the saddle value theorem, the necessary conditions
and the sufficient conditions are
5 For a vigorous proof of the equivalence relation, see T
Takayama and A.D. Woodland, "Equivalence of Price and Quantity Formulations
of Spatial Equilibrium: Purifiec Duality in Quadratic and Concave
Programming", Econometrica, Vol. 68, (November 1970), pp. 882-906.
6A thorough evaluation of quadratic welfare functions has been
made by A. Wald, "The Approximare Determination of Indifference
Surfaces by Means of Engel Curves ", Econometrica, Vol. 8 (1940)
pp. 144-175
7 For a discussion on the measure of the quasi-welfare
function, see Takayama and Judige Spatial and Temporal Price and
Allocation Models, p. 126
8 W.S. Dorn, " Duality in Quadcatic Programming", Quarterly
of Applied Mathematics, Vol 18 (July 1960), pp 155-162
9 P. Wolfe, "The SImplex Method for Quadratic programming"
Econometrica, Vol. 27, No3 (July 1959), pp. 382-398
10 For a detailed discussion on the measure of the social
measure of discount, see W.J. Baumol, "On the Social Rate of
Discount", The American Economic Review, Vol. 58, No. 4(September
1968), pp. 788-802
11 The diagonal matrix is positive definite if and only if
all the w's are positive
with wi > 0 for all i
54
12A function f(x) is strictly concave when the following strict
inequality holds.
A strictly concave function f(x), subject to inequality type constraints
gi(x) 0 assumes its maximum when gi (x)= 0.
13See Takayama and Judge, Spatial and Temporal Price and Allocation
Models, pp.463-467.
14Ibid., pp.12-14.
f(ax+by) af(x)+bf(y) for all a o, b o




5.1 Review of Previous Demand Studies in the Electric Power Industry
Since this chapter is concerned with demand, it is appropriate to
begin with a brief discussion of related previous work in electricity
demand estimation. A recent econometric study by Lester Taylor1
contains a very complete review of the econometric literature on the
demand for electricity. Owing to the completeness of Taylor's
literature survey, only the high points of the studies will be mentioned.
(1) Houthakker's2 study solves the problems posed by a choice of a flat
rate and a two-part tariff by restricting the analysis to consumers
choosing to consume on the two-part tariff and to include the running
charge per KWh as the price in the demand function.
(2) Fisher and Kaysen3 study both the residentialand industrial demand
for electricity and are the first to distinguish explicitly for
residential demand between the short and long run.
(3) Houthakker and Taylor 4 analyse the residential consumption based
on their state-adjustment model of consumption which consists of
two equations, are specifying consumption as a function of stock,
income and relative price and the other expressing rate of change
in stock to consumption and depreciation. The presence of stock
is interpreted either in the physical sense as a durable good or
in a psychological sense as the accumulated effect of habit. Both
income and price elasticities are found to be slight in the short
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run but very substantial in the long-run.
(4) Baxter and Ree.s5 analyse the industrial demand by including several
fuels along with capital and labour into the production function.
In particular, Baxter and Rees consider three alternative models,
the first of which relates output to capital, labour, oil, gas,
coal and elasticity by the use of a Cobb-Douglas function with no
restriction on..the parameter. The second model emphasize the effects
of changes in fuel technology. In this model, power consumption
is related to output and coal consumption is employed as a surrogate
for technology. In the third model, electricity consumption is
proportional to output.
(5) Anderson's 6 analysis on power consumption is based on the methodolog
of Fisher and Kaysen but allowances are made for the effect of the
supply equation on the demand, competing or related input prices
and of variations in the composition of the industry.
(6) Mount, Chapman and Tyrrell7study both the short run and the long run
demand for electricity for three classes of consumers (residential,
commercial and industrial) using a pooled cross-section and time
series data set.
(7) Anderson8, in his residential sector,einphasizes the effect of
competitive energy sources. His approach consists of analysing two
different classes of models, the first for predicting stocks of
energy-using equipment and the second for predicting energy consumption.
(8) Houthakker, Verleger and Sheehan' analyse the residential demand
for electricity using a time-series and cross-section data set by
employing the logarithmic flow-adjustment model of Houthakker and
Taylor in which the ratio of demand for this period to demand for
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last period is proportional-to the ratio of the desired demand for
this period to the actual demand for the last. The price of electricity
in this study, is represented by the marginal rate per KWh in the
250-500 KWh block
Summarizing the above. studies, several substantive observations
can be described as follow:
(1) The price elasticity of demand for electricity, for all classes
of consumers, is much larger in the long run than in the short run.
(2) The same holds true for the income elasticity of demand.
(3 The lone run price elasticity of demand is indicated to be elastic.
5.2 BackRrround
Crucial to the analysis of demand for electricity is the appropriate
specification and estimation of the price elasticity both in the short
and long run. Theoretical as well as empirical problems abound because
the consumer of electricity faces a schedule of prices rather than a single
average price. 10 In economic theory, the decision of the individual is
based on marginal values whereas average prices are more practical in
importance to the utility companies. Since, from the statistical
point of view, marginal prices faced by the customer are difficult to
calculate, average prices are used in our model for the sake of
relative simplicity and availability. Our method of approach here
is to derive the price elasticities of demand from demand and price
equations estimated using data for average prices. The application of
average prices may also be justified by Halvorsen'sll study which
illustrates that when the demand equation is log-linear, the elasticities
of demand estimated with average price data would be equal to those
that would be obtained with marginal price data.
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In addition, a single equation analysis 12 is chosen, among
all functional forms because of its goodness of fit, ease of
estimation and immediacy of interpretation. 13
5.3 Demand Model
In the framework of our model, only three classes of consumers
(residential, commercial and industrial) are analysed using pertinent
annual data over the period 1961-1977. Each of these three sectors
is assumed to exhibit a distinguishable demand for electricity in
linear form. The others, which consist of government and inter-
departmental use14 etc., will not be considered because of their
negligible size. Also, it is further assumed that no endogenous
treatment of uncertainty is taken. That is to say, the demand
functions for each time period are supposed to be known with certainty.
As mentioned in the previous section, where total demand can be
approximated without serious bias by a simple equation approach, a
fairly simple model may suffice. Two approaches of estimation are
hence possible and are both taken in our study.
In the first approach, we attempt to find directly a price-
quantity relationship by comparing time series for these two variables
alone. However, the standard errors of the coefficients tend to be
larger and the coefficient of correlation insignificent.15 Thus, in
order to avoid meaningless result, it is accordingly imperative that,
in the addition to prices, other relevant factors governing demand
should also be introduced into the demand equation.
By virtue of this fact, in our model, the demand for electricity
is determined by three other factors in addition to the price of
electricity:the price of substitute fuels, personal income (Gross
National Product, in the case of industrial sector) and a lagged demand
of the previous year. All variables are measured in constant dollars
since consumers make decisions in terms of their real consumption
relative to their real income and real prices. The personal income
measure is deflated by the consumer price index (CPI) and the GNP
by the GNP deflator. The prices of both the electricity and gas
(liquefied petroleum gas for the residential sector) are deflated
by GNP deflator. It can be seen that the choice of the GNP deflator
is justified in this case since no price index of either electricity
or gas is available.
The personal income is chosen as a proxy for the level of
economic activity. The price of substitute fuel (i.e., liquefied
petroleum gas for residential users and natural gas for industrial
users) is included to reflect upon the effect of the price of substitutes
on the demand for electricity. Of the three major alternatives to
electricity (gas, coal and oil), only gas is represented in the model
by a price variable because of the multicollinearity problems.16 In
addition, responses to prices and income changes are probably not
instantaneous, but rather spread over several periods. However,
again, multicollinearity precludes the inclusion of further lagged
prices.
The presence of the lagged dependent variable captures the nature
of habit formation-in the psychological sense. In this sense, the
consumer often reacts to a change in one or more explanatory factors
only with a lapse of time. It is assumed that the ratio of demand for
this period to demand for last period is proportional to the ratio of
the desired demand for this period to the actual demand for the last
period, i.e.
where qit-1: demand for last period
: demand for this periodqit
qit*: desired demand for this period
: adjustment mechanism coefficient,0<0<1and
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Hence, with the incorporation of the lagged demand variable,
the model is explicitly dynamic and allows logical distinction between
demand in the short run and demand in the long run where the full
impact of all lagged effects are fully realized.
5.3. 1 Data
Annual data from 1961 to 1977 and used in the demand estimation.
The price of electricity (Pe), for both lighting (for residential
and commercial users) and power (for industrial users) are defined as
relevant sales revenues divided-by-the number of kilowatt hours (KWhs)
and thus rerresen ex post average rrices. ,NP deflators are then'
employed to obtain the real values. All electricity sales (in KWhs) and
revenues (in NT dollars) are obtained from Taipower.
The data for personal income (PI) and gross national product
(GNP), both in NT dollars, are obtained from Directorate-General
of Budget, Accounting and Statistics, Executive Yuan, Republic of
China. They are then deflated by CPI and GNP deflators respectively.
The prices of gas (Pg) (liquefied petroleum gas for the residential
users and natural gas for the industrial users) are obtained from the
Chinese Petroleum Corporation and are deflated by GNP deflator.
5.4 The Specification of Demand Equations
Since various econometric problems arise in estimation of
the demand curve for electricity 17, the linear demand curves are
therefore obtained first by estimating the price elasticity and then
converting these estimates into point estimates of the demand functions.
To estimate the demand elasticity, a constant elasticity model
is specified. Specifically, the quantity of electricity consumed for
each sector in the Given year is assumed to be a function of the
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quantity of electricity consumed in the previous year, the average
price of electricity and the average price of gas for this year and the
personal income for the year. In addition, a dummy variable 18 is
used to capture the impact of the oil crisis in 1973/74 on consumption
pattern
Incorporating all these factors, a double logarithmic model
is specified for the demand estimation in the following form:
Yit = Aipeit Bli. Pgit b2i. PIit b2i.Yit-1b4.euit (5.4.1)
This functional specification can then be linearized using a
simple logarithmic (log to base ) transformation so that (5.4.1)
can be written as:
lnyit = ai +bli.lnPeit+b2i.lnPgit+b3ilnPIit+b4 lnyit-1
+uit (5.4.2)
where yit : demand for electricity for the ith sector
in the t th period;
yit-1 : lagged demand for the ith sector in the previous period;
ai : lnAi
Peit, Pgit and PIit are as defined in the previous sections;
uit : disturbance term of the demand equation which accounts
for omitted variables, errors of observation or
unpredictable element of randomness in human responses;
bli, b2i, b3i, b4 the coefficients to be estimated, with
0<b4<1
In particular, it should be evident that the demand curve will be
a straight line when plotted on double-logarithmic graph paper, the slope
of the line being bli where bli is the elasticity of demand with respect
to price. That is,
In fact, since the equation is double logarithmic, all respective coefficients
to be estimated represent elasticities which are defined as the proportional
change in demand associated with the proportional change in explanatory
factors, i.e.
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The fact that the coefficients are constant implies that the
elasticities would be the same for all level of explanatory variables.
This constancy property, in fact may not hold true if the response of
demand to a given relative change in the explanatory factors, say income,
varies with the level of the factor. However, for the sake of simplicity
the constant-elasticity deman moel is adopted.
It should also be noted that the prices and income elasticities
yielded by equation (5.4.2) are only short run. elasticities. In order
to obtain the long run elasticities, it is necessary to divide through
by the estimate of the dynamic coefficient derived from the regression
estimate. From a prior expectation, the signs of the coefficients of
Pgit, PIit and yit-1 should be positive indicating the existence of
substitution effect, income effect and habit formation. On the other
hand, the sign of the coefficient of Peit is expected to be negative
as a rise in the price of electricity will probably result in a drop
in consumption level.
5.5 Empircal Results and Interpretation
As well as giving a great deal of quantitative information on
elasticities and lag term, the single-equation analysis allows
direct comparison of the goodness of fit of various forms of equations
and allows conclusion on the relative merits of each to be drawn.
The demand model, which is a single equation model for the
residential, commercial and industrial sectors, was estimated by the
ordinary least squares. Observations of each variable in the model
were obtained from 1961 to 1977.
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Preliminary analysis found neither the lagged electricity price
nor gas price statistically significant explanatory variables. In addition,
the gas price was omitted from the demand equation for the commercial
sector as it had only a minor effect on consumption. A large number of
mathematical forms of the demand equations were estimated under various
specification and the one which was chosen on the basis of theoretical
considerations and goodness of fit was presented in Table 5.1.
TABLE 5. 1
ESTIMATES OF THE DEMAND EQUATION FOR THE THREE SECTORSa
R2Yt-1PitPgtPetConstant
-0.0820
-2.1270 0.65080.2382 0.6496 0.9995Residential 2.7268 (4.5132) (7.2808)(-2.0448) (-0.9471)
-0.1656 0.82810.3038
-0.1823 0.9980Commercial (3.8579) (12.2094)(-0.3607) (-1.2403)
-0.1303 0.44590.1732 0.80171.0798 0.9990Industrial (2.1657) )(2.4216) (1.8058)(1.0197) (-1.1483)
a t-statistics in parentheses
From this, the various long run elasticities can be calculated
as shown in Table 5.2.
TABLE 5.2
LONG RUN ELASTICITIES OF DEMAND




It can be seen that for all three sectors, there appears to be a
marked responsiveness of demand more to income than to electricity
price. The empirical evidence shows both substantial difference between
the short run and the long run elasticities and a higher elasticity of
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demand for non-residential consumers, the latter presumably has greater
ability to switch to alternate supply sources or conserve on energy use
than residential consumers.
As a final note, the signs of all the coefficients are found to
be in accordance with a priori expectation. The above results are
then incorporated in the non-linear social welfare maximization model
in chapter Vlllwhen we take both the demand and supply considerations
together.
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CHAPTER VI
EVALUATION OF SIMULATION MODELS AND
THEIR USE IN FORECASTING
As discussed in chapter V, in the estimation of the linear
demand function for electricity over the period 1961-1977 the
price elasticity is first determined and from this, the fixed
point estimates of demand are then derived. In this chapter, we
would, in the first place, perform historical simulation for
evaluating our models, i.e. data for 1979 are used for the test of
validity of our demand models. Then we would project the future
demand for electricity over the planning horizon for the period 1980
to 1982 on an annual basis. The methodology adopted consists mainly
of using the coefficients of the demand model determined in chapter V,
together with the likely changes of the explanatory factors. The demand
quantity figure is then combined with the forecast electricity price to
give a linear price quantity relationship.
6.1 Background
Before we proceed to the projection of future demand, a brief
discussion on the existing forecasting approaches and the questions
of evaluating and validating our models are summarized below to provide
a better perspective on the problem.
There are several econometric and non-econometric approaches to
the forecasting of demand. The non-econometric methods mainly consist
of:
(1) Expert opinion: the forecasting is based on the informed judgement
of experts in the related field
(2) Persistence forecasting: the forecasting is based on the assumption
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that the system has a certain momentum, with the future replicating
the past.
Types of persistence forecasts are:
(i) Status quo or Naive I forecast predicts that the present value
of the variable will continue through time into the future:
(6.1.1)
(ii) Naive II forecast: predicts the same change from one period
to the next.
(6.1.2)
(iii) Auto-regressive forecast; the forecasted value is obtained as
a weighted linear combination of all past values of the variable.
(6.1.3)
where aj may be specified a priori or estimated statistically.
(3) Trend extrapolation prediction as based on simple function of time
Two common forms in use are:
(i) the linear trend of the form Yt = a +bt such that
(6.1.4)
(ii) the exponential trend of the form Yt = Aeat such that
(6.1.5)
The econometric approach to forecasting is based on the estimated
reduced-form equation
(6.1.6)
where Yt is a vector of endogenous variables to be forecast; Zt
is a vector of exogenous variables; Yt-1, the lagged endogenous variables
and Zt together are the predetermined variables; 1, 2 are the coefficient
matrices for Yt-1 and Zt, and ut the vector of stochastic disturbance terms.
For forecasting, we have
(6.1.7)
The prediction consists of two systematic components and one judgemental
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component. The first systematic component in (6.1.7), YT summarizes
the dependence of each of the endogenous variables on previous values
of all endogenous variables due to factors such as serial correlation
or distributed lag phenomena. The second systematic component in
(6.1.7) is ZT+1 w2' which reflects the dependence of the endogenous
variables on exogenous variables, ZT+1, in the model. The third
component is the judgement factors, which summarizes the effects of
all other factors, including variables omitted from the model. The
odd factors are based on judgements of factors not explicitly considered
in the. model.
The econometric approach to forecast can be either deterministic
or stochastic, depending upon the nature of the coefficient matrices,
the current endogenous and future exogenous variables and of the
future disturbance terms. A stochastic forecast, using Baysesian
approach of estimation may be more applicable if all these are subject
to uncertainty.
Lastly, a third approach of the econometric forecasting is the
Monte Carlo technique of stochastic simulation, in which a set of
alternative forecasts is prepared, based on reported random drawings
using the distributions of the parameter estimates and stochastic
distubance terms.
6.2 Evaluation of the Demand Models
The forecasting power of a demand equation is determined by the
explanatory power of the variables in it and the form the relationship
is assumed to take. In the case of single-equation regression model,
statistics such as the standard error of the regression, R2 (the
coefficient of determination), F test, and t tests, etc., are important
in judging the relative significance of the model and its individual
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estimated coefficients. Statistics such as DW statistics is to test
for underlying assumptions of the models. Even with these statistics,
however, the model's evaluation is not a straightforward task. It
must also depend on the purpose for which the model is built. Models,
such as ours. designed for forecasting purposes should have as small a
standard error of forecast as possible, while t-statistics are more
important in models designed to test specific hypothesis. There are
many criteria2 to evaluate our demand models for the three consuming
sectors. We perform a historical or ex post simulation of the demand
model for each respective sector and examine how closely each
endogenous variable tracks its corresponding historical data series. In an
ex post simulation the simulation period is such that observation on both
the endogenous and the exogenous explanatory variables are known with
certainty. The ex post simulations can be check against existing data
and provide a test of the validity of the model.
For each sector, since observations from 1961 to 1977 have been
fitted to the model, historical data for electricity and gas prices,
income prices and demand are used in conjunction with the estimated
coefficients to obtain the demand for electricity in 1979. The forecasting
results are presented in Table 6.1. It should be noted that the dummy
variable in the demand equation for each sector has been set to one to
capture the impact of the second oil crisis upon the economy in 1979.
TABLE 6. 1
MEASURE OF FORECASTING ACCURACY OF THE DEMAND MODELS
FOR THE YEAR 1979






The quantitive measure of how closely individual variables track their
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corresponding data series is called rms percent error (root-mean-square
percent error), which is
rms percent error
where Yts= simulated value of Yt
yta= actual value
T= number of periods in the simulations
This is a measure of the deviation of the simulated value from its
actual one in percentage terms. The rms percent simulations errors
for each variable is shown in column 4 of Table 6.1
6.3 Demand projection
In the previous section, a survey of the existing forecasting
approaches commonly in use has been reviewed, and ex post simulations
for evaluating our demand models were examined. To arrive at the
ex ante3 forecasts of demand, our method of forecasting is to apply
estimates of the future exogenous variables to the estimated econometric
model discussed in the previous chapter. However, this seemingly
straightforward method of forecasting is neither simple nor problem
free. Even though one can obtain unbiased estimated coefficients of
an econometric model, one still has to forecast the explanatory variables,
i.e. ex ante forecasts of income, gas prices and electricity prices. As
will be discussed below, variations in the assumptions we make concerning
forecasts of independent variables, in particular, electricity prices,
income, and gas prices, lead to considerable variations in the forecast
of electricity demand. Hence, considerable judgement in use of econometric
models must be applied if accurate and reliable forecasts are to be developed.
It is in this sense that we project the demand under the following
assumptions:
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(1) The forecasting relationship continues to hold in the future, i.e.
no changes in structure has taken place in the forecasting period.
(2) The disturbance terms (ut) of the demand equation have zero mean
and constant variance o2 such that the expected value of ut+1
equals zero. It would not be unreasonable to impose the assumption
of constant error variance when we examine time-series data.
In reality, the values of the exogenous variables in the forecast
period are subject to considerable uncertainty. To cope with this
problem, alternative reasonable levels for these variables are assumed
and forecasts derived for each of these alternatives. Thus, in this
way, we would be able to indicate the probable range of variation in
the predetermined variables as well as the extent to which variation in
these variables produce different forecasts.
In our demand model,.the forecasting horizon covers the period 1980
to 1982 on a yearly basis. Two scenarios, namely the pessimistic case
and the optimistic case, each characterized by the different economic
settings, are analysed separately.
The expected prices of natural gas, liquefied petroleum gas (LPG)
and electricity in 1980 are obtained from the Chinese Petroleum
Corporation and Taipower.
The price of natural gas is given to be NT$8,000/103M3 while that
of LPG NT$13,500/MT. Also, in 1980, the price of electricity for
industrial users is expected to increase at a rate of 11.79 percent
while that for residential and commercial users are at 12.14 percent
and 11.25 percent respectively. Since a combined price variable for
lighting has been used in the previous section for the estimation of
the demand equation, a weighting method must be applied to the prices
of electricity for the residential and commercial users to obtain
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the forecast combined electricity price variable for. 1980 as no value in
in this form is available. From the historical data available from
Taipower, Statistical Yearbook 1979, the following approximated relationship
can be established.
Price of lighting 0.83 (electricity price for residential
users) + 0.17 (electricity price for commercial users). Hence,
the forecast price of lighting for 1980 can be derived.
Further, since we are only concerned with the price variables
in real terms, they must be first deflated by their respective 1980
deflators, which have been forecast beforehand according to the
pattern of past trend.
Using these information as our basis of projection, the optimistic
and pessimistic cases can be analysed respectively in accordance
with different economic scenarios. The optimistic case hypothesizes
an 8 percent growth rate in real personal income, together with a 5
percent increase in real gas price. No change in real electricity
price is assumed to take place. In addition, the dummy variable
in the demand equation will take on zero as no oil crisis of any sort
is expected to hannen in the forecast period.
On the other hand, the pessimistic case hypothesizes a 6 percent
growth rate of the real personal income in conjunction with a 5 percent
increase in real electricity price. No change in real gas price is
assumed and the negative impact of oil crisis on the economy is recognized.
Summarily, the two sets of assumptions for the optimistic studies are
presented in Table 6.2.
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TABLE 6.2
ECONOMIC SETTING FOR THE TWO CASES













where PIt+1 = PIt+1 - PIt
Pet+1 = Pet+1 - Pet
Pgt+1 = Pgt+1 -Pgt
D = dummy variable which takes on the value
1 when oil crisis is expected and the
value 0 otherwise
Under each setting, the forecas gas prices, electricity prices
and income, all measured in real terms, can be obtained, as shown
in tables 6.3 and 6.4
TABLE 6.3
OPTIMISTIC CASE: FUTURE GAS PRICE ELECTRICITY PRICES AND INCOMES
Price of Electricity Price of Gas
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By substituting these forecast explanatory variables into the
demand equation for each sector discussed in chapter V, the following
demand projections in both the optimistic and pessimistic studies
are arrived. The estimates of demand are presented in Tables 6.5
and 6.6.
TABLE 6.5















Note All figures in Tables 6.5 and 6.6 are measured in 1O 10KWh
With the demand estimates calculated for each sector, the linear
price and quantity relations can be determined after incorporating
the corresponding electricity prices and short run price elasticities.




where i= sector (1=residential, 2=commercial and
3=industrial)
t= period (1=1980, 2=1981 and 3=1982)
Peit= price and
yit= quantity of electricity demanded
The coefficients Ait and wit can be written in terms of the price
of electricity demand Peit and the short run price elasticity n it since
by definition, the short run price elasticity nit is defined as
(6.3.2)
Combining (6.3.1) with (6.3.2), we have
(6.3.3)
Substitute (6.3.3) into (6.3.1) we have
(6.3.4)
Hence, the value of ait's and wit's can be found by using
equation (6.3..3) and equation (6. 3.4)' in conjunction with Tables
6.5 and 6.6. Consequently, the linear price quantity relations can be
determined.
As can be seen, Tables 6.7 and 6.8 present the calculated values
of it's and wit's.
TABLE 6.7














Summarily, in this chapter, we have attempted to determine the linear
price and quantity relations by using the coefficients of the demand
model determined in chapter V, together with the forecast electricity
price, and the short run price elasticity. The relation then obtained
is incorporated in the quadratic model to maximize the net social
payoff. Before proceeding on, a full discussion on the supply consideration
will be given in chapter VII.
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In Chapter V, the theoretical rationale underlying the estimation
of demand is detailed and the linear price-quantity relation has been
estimated. In this chapter, we intend to look at the supply side of
the model for which all the supply functions and transmission and
distribution costs for the hydro, thermal and nuclear generation are
estimated by ordinary least squares method.
Since this chapter is primarily concerned with costs, it is
therefore appropriate to briefly review the survey of relevant literature,
in order to have a better understanding of the historical development
of cost studies.
7.1 Survey of Previous Cost Studies
A recent econometric study by Malcolm Galatinl contains a very
extensive review of the econometric literature on economies-of scale
in electric power system. Nordin's2 study is confined to the plant
level and works with only the operating costs while Johnston3 works
with capital costs of generating plants. None of them consider the
differing vintages of plants in their samples and therefore do not
differentiate between economies of scale and technological progress.
Komiya4 is primarily interested in explaining shifts in generation
costs due to technological changes while Barzel's5 study is also
concerned with technological change. Of all studies conducted at the
generating plant level prior to 1965. Galatin's6 study is probably
the most sophisticated one in terms of success in separating the
effects of technical change and economies of scale in explaining
the decrease in capital cost per KW as capacities increase over time.
This phenomenon is also observed in our study for hydro and thermal plants.
All of these studies show economies of scale and those which
explicitly allow for technological progress show that both phenomena
have co-existed in the steam-electric industry. In contrast to these
studies which are done at the generating plant level, the cost minimizing
study by Nerlove7 is done at the system level. His work, which is
purely ex post,shows economies of scale.
The work of Dhrymes and Kurz8 is done at the plant level, instead
of the system level, but assumes, like Nerlove,.that the entrepreneur
attempts to minimize total costs. They combine this assumption with
Komiya's division of the sample of plants into technological static
periods, but do not consider capacity utilization and machine mix.
Their results show pronounced effects of technology shift and significant
economies of scale for each period.
In summary, the econometric literature on the electric power
industry shows decreasing average costs at both the plant and system
level. However those studies performed at the system level, unlike ours,
do not consider transmission costs and losses.
7. 2 Some Background for Electric Power System Costs
The estimation of electric power system costs requires some
background knowledge of the pertinent technologies and costs involved.
Accordingly, this section introduces and defines the basic technical
terms and costs. Special consideration is given to the concepts
of long-run and short-run.
The output of an electric generation plant can be thought of as
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being two dimensions. The first dimension which can be called power,
is usually measured in kilowatt (KW's) and can be thought of as the
instantaneous rate of output. The second dimension, which can be
called energy, is usually measured in kilowatt-hours (KWWJh's) and
can be thought of as cumulative output. Although the two are related 9
failure to recognize their potentially differentiated effects on costs
can create serious problems.
In light. of this, a fundamental feature of electricity supply
is that an electric utility provides each of its consumers with
two services:-
a). the actual energy he consumes (as measured in kilowatt-
hours); and
b). readiness to supply electricity whenever it is wanted.
Thus the gross cost incurred by the utility in supplying its
customers with electricity falls into two main components, namely,
the variable and fixed costs. The variable costs, which are
energy-related costs, consist mainly of a large scale of production
expenses, of which the principal items are fuel, labour, material
and supplies. The fixed costs, on the other hand, are demand-related
and customer.related costs. The demand-related costs, which are
independent of the energy consumed, are primarily capital costs that
grow out of the fixed charges on the power pool and other production
and transmission expenses but are also influenced to some extent
by distribution investment expenses. The customer-related costs
vary with the number of customers. They include fixed charges in
a part of distribution investment, a part of the distribution operating
and maintenance expenses, a large part of accounting and collecting
expenses10 and some of the expense of sales promotion 11 as well as a
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share of general and administrative expenses.
As a concluding remark, in the short-run where no allowance
is made for capacity investment, only the total cost of production
and the customer-related costs need be considered. However, in
the long-run, capital cost, which is the cost incurred by the addition
of capacity of various plants, must also be taken into consideration, to
add more realism to our model.
7.3 Difficulties with Data
Annual costs, KWh sales and generation data from 1969 to 1978
by different plant types are provided by Taipower13. The GNP deflator
is taken from 1978 Taiwan Statistical Yearbook of Economic Planning
Council, Executive Yuan, Republic of China. This deflator is used
to convert all the cost values from nominal to real terms (in 1971
prices).
A dummy variable (D) is employed to capture the impact of the
1973-74 oil-crisis upon the cost structure.
We have encountered various problems with cost data. First of
all, the available cost data from 1969 to 1978 are not rich enough
to allow for estimation of sophisticated cost functions.14 Hence,
in this sense simple models are preferred to allow for greater
degrees of freedom15 in estimation processes. This problem of
insufficient data is more acute in the case of nuclear plants since
only one year's data are available. Further, the operation and
maintenance costs for the electric utility cannot be disaggregated
according to various plant types. To compromise with the existing
data, these cost components have to be estimated and forecast on an
aggregate level.
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To add to the difficulties, the capital costs for various plant
types are not available, and thus the gross book value of each plant
utility has to be taken as a proxy of the incurred capacity costs.
Even so, as remarked by Taipower16, the capacity costs per KW so
obtained will yield little significance for empirical estimation,
as the operation of the power plants depends highly upon the
fluctuating weather conditions and cannot be analysed on a
disaggregated level. As will be seen later, the paucity of
data makes it become impracticable to model the complexity of the
interactions between capital costs and installed capacities for
various plants.
7.4 Estimation of Various Costs
In this section we shall first look at the transmission and
distribution costs, and then consider the supply relation. Three
alternative methods of electricity generation, namely, hydro,
thermal and nuclear, will be analysed. Hence, the problem of
determining optimal investment policies depends upon the existing
and future structure of the system which rests upon the mix of various
plants. It should be noted that, within our model context, both
the supply functions and transmission and distribution costs are
estimated via ordinary least squares.
7.4.1 Transmission and Distribution Costs
Transmission expense includes wages of people who work on
the high-voltage lines, keeping them in good order and the expense
of inspecting the transmission grids at regular interval. Distribution
expense covers the cost of labour to operate and maintain the distribution
lines, substations and other facilities. Since both the two cost
components are related with operating salaries, repairs and maintenance
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and transportation costs, they are aggregated together as the single
item in our study here. Historical data show steady downward trends
of both transmission and distribution investment and expenses per KWh.
These phenomena may be caused by a faster increase in electricity
consumption than that in the transmission and distribution investment
and expenses.
Since no reliable information on operating salaries, repairs
and maintenance is available, the transmission and distribution cost
is assumed to be a simple function of the total units of KWh generated.
Various specifications have been tried. Of the various forms, the
one fitting the data best is of the following form (with the t
statistics in parentheses):
where ACt= average transmission and distribution cost in
constant 1971 NT dollars per KINIh deflated by the
GNP deflator for the tth period.
xt total units of electricity generated by the system
in KWh, in the t th period.
D dummy variable which takes 1 for 1973 and 1974 and
0 otherwise.
Likewise, for the transmission and distribution investment, it
is assumed to be dependent upon the total level of installed capacity
of the system. A number of mathematical forms of the investment
equations has been estimated, and all yield insignificant coefficients.
The following form has been chosen on the basis of R2, the measure
of goodness of fit:
(7. 2)
ACt =0.0603+ 0.0239x - 0.0016D
(4.9621) (2.3547) (-2.2593)
(7.1)
R2=0.9308 F(2.7)=47.08 n =10 (1969 to 1978)
AICt=0.1016+ 0.03121 St- 0.0031D
(1.2643) (1.7412) (-2.1741)
R2=0.8695 F(2.7)=23.32 n=10 (1969 to 1978)
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where AICt average investment cost in transmission and
distribution in constant 1971 NT dollars per
KW deflated b the GNP deflator in the t th
period,
St= total installed capacity of the whole system
in KW, in the t th period.
D =dummy variable which takes 1 for 1973 and 1974
and 0 otherwise.
7.4.2 Variable Costs for Various Plant Types
On the supply side, three types of generation hydroelectric,
thermal and nuclear will be considered
For thermal generation, which may be generated by either steam-
electric plants, gas-turbines and diesel engines, only the first
kind is studied here. This simplification, however, would not cause
any serious bias in our cost estimation since the units generated
by steam-engines dominate for about 97 percent of the total KWhs.17
The principal components of the variable cost are fuel cost,
labour, repairs and maintenance. 18 A decrease in the average.
generating cost is rendered possible by an improvement in thermal
efficiency of the steam plants via lower heat rates or better operating
conditions. In order to incorporate this consideration into our
model, the technological improvement is introduced with the use of a
time variable. 19.
To compute the average annual generation cost, all of the influencing
factors have to be taken into account. However, as mentioned earlier,
the paucity of data on both operating wages and repairs and maintenance
makes it impossible for these two factors to be included in our model.
Hence it follows that the average generating cost for thermal plants
s simply a function of output and technological change.
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Our prelimary analyses, however do not find the time varibale,
which acts as a proxy for technological change over time, a statistically
significant variable. This probably results from a problem of multi-
collinearity between the total unit generated and time .20 Once again,
of all forms tried, the following gives the best fit of data (with
the t-statistics of the estimates in the parentheses):
AGC2t = 0.1518 + 0.1183 xt2 - 0.0048D
(3.1697) (2.5623) (-3.7513)
(7.3)
R2 = 0.9604 F(2,7) = 84.80 n =10 (1969 to 1978)
where AGC 2t =average generating cost for steam plants in constant
1971 NT dollars per KWh, deflated by the GNP deflato
for time t,
xt2 = total KWhs generated by thermal plants for time t,
D = dummy variable which takes the value 1 for 1977
and 1974 and 0 otherwise
For the hydro generation, because of data limitations, both
the cost of the conventional hydroelectric plants and pondage
plants 21 are aggregated together in the consideration of the variable
cost. Since no fuel cost is incurred, the average generating cost
for hydroelectric schemes is expected to be markedly lower than that
for the thermal. Likewise, as in the case of the thermal plants, only
the total KWhs generated and the technological change are included
in our estimation. However, once again, the time variable, acting
as a proxy for technological change, is found insignificant in our
prelimiary analyses. Thus, the average variable cost is simply
expressed as a function of the units generated by hydro plants.
The chosen specification of our cost estimate is of the form
(with the t-statistics of the estimates in parentheses):
AGClt = 0.1145 + 0.0260 x - 0.0030D (7.4)
(4.5237) (2.6121) (-7.5231)
R2 = 0.9746 F(2,7) = 134.30 n =10 (1969 to 1978)
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where AGCIt= average generating cost for hydorelectric
plants in constant 1971 NT dollars per KWh,
deflated by GNP deflator in the tth period
x It= total KWhs generated by hydro plants in the
t th period
D dummy variable which takes the value 1 for
7q nnrl 1974 and 0 otherwise.
Finally, when we come to the estimation of average variable
cost for nuclear plants, severe computational problems arise.
Nuclear plants, being relatively new in development, has only being
put into operation in 1977. Since only one year's cost data are
available, practically, no estimation of any form can be feasible,
to trace out the relationship between the units generated and the
average variable cost.
Subject to extremely high conjecture, the average variable cost
is assumed.to be proportional to the total units generated. Mathematicallly,
it can be expressed by equation (7.5):
(7.5)
where ACC 3t average generating cost for nuclear plants ii,
constant 1971 NT dollars per KWh, deflated by
GNP deflator in the tth period
X3t total KWhs generated by nuclear plants
a = proportionality constant.
Thus, with only 1978's data available, the constant (a) is
found simply by dividing the average generating cost for nuclear
plants by the total KWhs so generated. Hence,
(7.5.1)
Summarily, by reference to the cost estimates, it should be
noted that, owing to the paucity of available data, these estimates
are by no means satisfactory and are hence subject to errors.
AGC3 t= ax3t
AGC3t = 1.1159 x3t
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7.4.3 Capital Costs for Various Plant Types
The capital cost, i.e, the cost of adding new plant and equipment,
greatly influences the total cost of any type of power generation and
is crucial in the determination of optimal investment mix. Conventionally,
the capital cost estimation is studied with the help of complicated cost
models,23 which are based on a detailed cost estimate for a reference
point at a designated time and location under various sets of assumptions.
Via a breakdown of the major cost components, i.e. land, structures
and equipment, as a function of time, location, and plant type and size,
a projection of future capital cost of different plants under various
economic and technical specifications can be derived.
In our study here, it is apparent that the-limitations of relevant
cost data, as mentioned in Section 7.2, render it powerless to trace
out the intricate inter-relation between the capital cost and all
influencing factors. Under this circumstance, a simplification is
needed to develop the model and an ad hoc approach, hypothesizing
capital cost as a function of the plant size, is employed. For the
hydro plants, the functional specification fitting the data best is
of the form (with the t-statistics included in the parentheses):
where ACCIt= average capital cost for hydroelectric plants
in constant 1971 NT dollars per KIWI, deflated
by GNP deflator in the tth period
S1t capacity in KW of the hydroelectric plants in
the tth period.
Similarly, for the thermal plants, the following equation is chosen
on the basis of goodness of fit (with the t-statistics included in
the parentheses)
ACClt = 2.1767 - 0.9365 Slt - 0.4816D (7.6)
(3.5623) (-1.7839) (-4.3721)
R2 =0.9237 F(2.7)=42.37 n=10.(1969 to 1978)
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ACC2t = 0.6509 - 0.0455 S 2t - 0.2187D (7.7)
(1.7785) (-1.5921) (-3.2501)
R2 = 0.9536 F(2,7) = 71.93 n =10 (1969 to 1978)
where ACC2t = average capital cost for thermal plants in
constant 1971 NT dollars per KW, deflated
by GNP deflator in the t th period;
S2t = capacity in kKW of the thermal plants in
the t th period
For both equations (7.6) and (7.7), the results indicate a marked
degree of increasing returns to scale which accounts for the decrease
in capital cost per KW as capacities increase over time.24
Estimation of capital cost for nuclear plants, nevertheless,
encounters the same difficulties as experienced in the variable cost
estimate. WIth only one year's (1978) data, compromises have had
to be made in order to obtain an approximate relation between the
capital cost and the installed capacit of the nuclear plant. Specifically,
ACC3t = 0.5506 S3t
(7.8)
where ACC 3L = average capital cost for nuclear plants in
constant 1971 NT dollars per KW, deflated
by GNP deflator in the t th period;
S 3t = capacity in KW of the nuclear plants in
the t th period
Note that 0.5506 has been calculated by an ad hoc approach as
described earlier in the calculation of the generating cost
Obviously, the forecast error cannot be avoided by using equation
(7.8) wich describes a deterministic relationship between capital
cost and capacity of nuclear plants. From a statistical point of view,
the forecast error can be minimized by increasing the size of sample
used for estimation. However, in the present situation, it is not
feasible. With this limitation, it is therefore understood that any
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error in the estimated parameters of our cost equations would artect
the prediction of cost on the supply side and may distort the true
picture of the investment mix of the electric utility.
7.4.4 Customer-Related Costs
As mentioned previously in Section 7.2, in which a background.
understanding of the nature of costs has been given, the customer-related
costs, being independent of the level of electricity consumed, can
be regarded as parts of the fixed costs. They included fixed charges
of operating and maintenance, accounting and collecting expenses,
some of the expenses of sales promotion and general and administrative
expenses. To arrive at a projection of the customer-related costs,
the various cost components are aggregated together in our model
which hypothesizes that the customer-related costs can be represented
by a function of time. 25 Of all the various specifications tried, the
quadratic form has been chosen on the basis of goodness of fit. Specifically,
where CRCt= total customer-related cost in constant 1971
NT dollars deflated by GNP deflator in the
th
t period
T= discrete time period
and the figures in the parentheses represent the t-statistics
of the estimated coefficients.
7.5 Concluding Remarks
In this chapter, we have been able to arrive at the estimates
of various cost components of various generating plants under different
specifications. By reference to these cost estimates, it should be
noted, however, that they may be subject to errors because of data
CRCt = 11694.4 - 11.874 T + 0.0031 T2 (7.9)
(5.3761) (-2.5373) (3.4673)
R2 = 0.8174 F(2.7) =15.67 n=10(1969 to 1978)
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limitations. Statistically, the deficiencies of empirical data
employed for the estimation-of a model may result in either wrong
sign or size of the estimated parameter.26 For a more refined
analysis on cost structure, it is.therefore highly felt that better
data, in both qualitative and quantitative sense, must first be
gathered and integrated. Unfortunately, in our study here, adequate
data are not currently available for this refinement to be made.
Conditioned by data limitations, all the cost junctions generated
in this chapter will be incorporated, together with the demand
estimates, into our optimization model to yield an efficient solution
with regard to the generation, consumption and pricing for each
time. period over the operative planning period.
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CHAPTER VIII
EMPIRICAL RESULTS OF THE MODEL
The objective of the model is to determine the optimal pricing
and allocating of electricity in Taiwan over three discrete time
period planning horizon. In previous chapters we have outlined the
Takayama and Judge model in great details. The primary concern
of this chapter is to present the results of the application.
Because of the data limitations discussed in Chapter VII, twe
different models (Model I and Model II) have been formulated in this
chapter to test for and illustrate the applicability of the social
welfare optimization model for the electric utility. Model I simplifies
the problem by confining the optimization process over a planning
horizon of one year period (1980). Within this framework, no
capacity increment of any plant type would be possible over the relevant
planning period. Consequently, it follows that the capital cost
estimates, in particular that of the nuclear plants, which are
estimated subject to great conjecture, will not enter the picture
of optimal allocating and pricing of electricity.1 Model II, being
intertemporal in.nature, spans three discrete time periods (1980,
1981, 1982) planning horizon. In this model, despite the difficulties
with information, it is ambitously attempted to incorporate the
investment behaviour of the power system, in addition to the determination
of the equilibrium prices and quantities of electricity to be allocated
to the three consuming sectors over time.
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Employing the same notation and definitions in Chapter IV,
the optimization problem for Model I can be reformulated as follows:
By the equivalence theorem, to solve for the optimal solution, we find
a saddle point of the lagr .gian
(8.2)
The optimal conditions derived for the relevant variables and
lagrazgians will be the same as those in chapter IV and should not
be restated here. Also, no social rate of discount is necessary
2
since the s-pan of the time horizon is only one year.
In Model II, three consuming sectors are considered on the
demand side whilst three alternate methods of generation are considered
on the supply side over a period of three years from 1980 to 1982.
Referring to the same notation and definitions in Section 4.2.1,
we have N(consuming sectors)=M(plant types)-T(time periods)=3. The
objective function and the optimality conditions follow those derived
in chapter IV closely. Both to save time and to avoid tedious
derivation, no further ellaboration on the mathematical formulation
will be presented here.
Another point worth noting is that the demand projections for
each consuming sector, have been computed in Chapter VI via a single
equation model under two different economic settings, each with its
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own set of forecasting assumptions. By virtue of this fact, with
both the estimated demand and supply parameters incorporated into
the optimization model, two different sets of solution are expected
to be produced corresponding to the various forecasting scenarios.
8.1 Data and Computations
With GNP index (1971= 100) as the deflator, all value terms
are expressed in constant 1971 NT dollars. Three periods, from
1980 to 1982, in one year increments, are chosen for study in Model
II while Model I only considers 1980 as the relevant planning horizon.
For both Models I and II, the pertinent demand and supply estimates
derived in Chapters V, VI and VII are incorporated into their objective
functions previously defined respectively.
The preparation of other necessary data, not explicitly given
in the previous chapters, is carried out in the following way.
(1) Social Rate of Discount
Since the span of time horizon is relatively short even in the
case of Model II, discounting future, periods' welfare through a
common time discount factor, sa3
with yd being the social rate of discount may not be desirable. Thus
in our empirical study, the social rate of discount is taken to be
zero for both Models I and II. In other words, the net social payoffs
for the present and future time periods are simply aggregated together
to give a total value of the welfare measure.
(2) Annual Depreciation Rates of Capital
By definition, depreciation of capital is a charge made against
a power company's operations over the lifetime of the capital to
provide for the anticipated replacement of the capital when it wears
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out. The averaged annual depreciation rate for the hydroelectric plants
is 2.42 percent while those for the thermal and nuclear plants are 4.31
percent and 5.06 percent respectively.3 It is further assumed that
the same rate of depreciation for-the various plant types will prevail
over the relevant planning horizon.
(3) Transmission and Distribution Losses
Transmission and distribution losses are incorporated into the
model by subtracting the percentage losses from the total generation
figures to get the net generation figures, i.e.
Net Generation= Gross Generation x (1- )
where is the transmission and distribution losses expressed in a
percentage of the gross generation.
Historical data observed from 1979 Statistical Yearbook of Taipower
indicates that an estimate of 6 percent is suffice to give a good
approximation of the transmission and distribution losses, experienced
by Taipower in recent years.
(4) Physical Constraints on Capacity Increment
With no available quantitative information tb start with, we
assume that the maximum capacity additions to be added for each
time period cannot be greater than the historical maximum capacity
additions calculated from 1979 Statistical Yearbook of Taipower. From
the available historical data, the maximum allowable increments in
capacity for hydroelectric, thermal and nuclear plants are given by
2,048, 82,548 and 1,388 million KWWTh respectively.
(5) Maximum Demand Considerations
Lastly, to set up the constraint that for every period,
the total installed capacity of the power system must be able to meet
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the annual maximum demand, the latter is established by a quadratic
time trend model. Specifically,
(8.3)
(1969 to 1978)
where the figures in parentheses are t-values of the respective
estimates,
Pt= Annual peak load in KWh4 for t th tperiod,
T= time variable in actual year
Substituting T= 1981 and 1982 respectively into equation (8.3),
the projections of peak demand for these two years can be obtained.
They are 65,069 and 71,515 million KWh respectively.
After the preparation of these data, the solutions to Model I
and Model II are computed by the Wolfe's simplex method 5 by IBM.
8.2 Empirical Results and Interpretation
First'of all, before we proceed to optimization of the social
welfare equilibrium model for the future planning, the actual pertinent
data for 1979 are applied directly to the model to help gain deeper
insight into the existing structure of the power system. By doing so,
a comparison between the optimal and actual prices and quantities can
be drawn and in addition, welfare losses due to any misallocation of
electricity can be measured quantitatively.
Using the relevant data obtained from Taipower, the optimal
prices and quantities are given in Table 8.1. For 1979, total
optimal demand is 35,943 GWh (Gigawatt-hour), of which 7,200 GWh
or 20.0 percent is residential, 1,493 or 4.2 percent dommercial and
27,250 GWII or 75.8 percent industrial. When compared with the actual
corresponding data, which are 7,032 GWh, 1,424 GWh and 26,864 GWh
respectively, it can be seen that the optimal quantity demanded by
Pt =1.3296 + 0.1133T + 0.0183 T2
(6.3751) (5.2466) (2.5776)
R2=0.9970 F(2.7)=1163.17 n= 10
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TABLE 8.1
A COMPARISON BETWEEN THE OPTIMAL AND THE ACTUAL DEMAND
AND SUPPLY OUANTITIES IN 1979
ActualOptimal










each sector differs from the actual amount consumed in 1979, as a
uniform price is charged to each of the consuming sector under the
condition of optimum economic efficiency. 6 The optimal quantities
demanded by the residential, commercial and industrial sectors
increase by 2.4 percent, 4.9 percent and 1.4 percent respectively.
Thus in reality all the three sectors were charged too high a price
for the electricity they consumed in 1979 and they were alloacted less
than the amount the optimum solution indicates. This belief is further
strengthened when we look at the market equilibrium demand price, which
is NT$G.5590 per KWh, compared to the actual price for lighting which
is NT$0.7767 per KWh and the actual price for power which is NT$0.6200 per
KWh. The significant deviation of the actual prices from the optimal
equilibrium price that should be charged to each sector for the
homogeneous good is reflected by the deviation of the actual quantities
demanded than the amounts that are desirable.
On the supply side, the optimum electricity supply for the
whole system in 1979 is 38,237 GWh of which 12,180 GWh or 31.9 percent
is hydro, 12,047 GWh or 31.5 percent thermal and 14,010 GWh or 36.6
percent is nuclear. Since the generation cost for hydro plant is the
cheapest among the three, we are not surprised to see that, within a
one-year planning period in which no future investment planning is
taken into consideration, hydroelectric plants will be fully utilized
until they reach the installed capacities. Thus in this sense, hydro
plants have always been taken first, with nuclear second and thermal
last. In addition, the consideration of generating costs on the
supply side also explains why the penalty cost incurred for hydro
plants is NT$0.5509 per Mti'h while those for the other two are zero.
The penalty cost for the hydro plants indicates the net social welfare
that would have increased if the generating capacity for hydro had
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been expanded by one ra. Note in passing that the transmission
and distribution cost can be directly calculated as the difference
between the market equilibrium demand price NT$0.5509 per KWh and the
equilibrium generation cost INT$0.4368 per KWh.
Lastly, a calculation of the welfare loss to society due to the
existing inefficient pricing scheme can actually be performed by
computing the net social payoff under the existing prices and under
the optimal prices and comparing the two values. Within the framework
of our model, the social welfare loss amounts to 7.573 million NT
dollars which is about 6.6 percent of the total social welfare that
can be derived under optimum equilibrium.
Thus far, we have been successful in applying the social-
welfare optimization model to perform a historical check against
the existing pricing scheme. It is shown that in 1979, all the'three
consuming sectors have been charged with prices too high and quantities
demanded too low than the optimum solution indicates.
Next, we are going to apply the optimization model for future
planning for both Models I and II.
Unfortunately, preliminary analyses indicate that, for Model II
which attempts to determine the optimal electricity prices, supplies
and capacity expansion increments over a time span of three years,
no solution can be generated even after 200 iterations. The major
factor responsible for the unsuccessful endeavour may be due to the
lack of rich and reliable data for our cost estimation on the supply
side. As have been mentioned earlier, severe data problem limits
the precision of estimation. Incomplete information on cost structures,
especially that of the nuclear plants, may result in no solution for
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an intertemporal model which aims at the determination of optimal
pricing and allocation. Thus, we should concentrate on the discussion
of Model I. which has been formulated in such a way that the knotty
problems concerned with investment decision can be skirted by omitting
the time dimension into the model. The optimal demand and supply
quantities under the optimistic and pessimistic scenarios are presented
in Table 8.2
TABLE 8.2
OPTIMAL SOLUTIONS FOR MODEL I
PessimisticOptimistic
Year 1980













Note: Demand and supply figures for 1979 are obtained from Taipower
Statistical Yearbook 1979, p. 22 and p.24.
On the demand side, it can be seen that under the optimistic
scenario, the total demand is 43,78-1) GINTh, of which 9.216 GWh or 21.0
percent is domestic, 1,604 M%Th or 3.7 percent commercial and 32,963
GWh or 75.3 percent industrial. Thus, under the optimum condition,
the percentage share of demand for each sector remains in line with the
historical trend.8 Under the pessimistic scenario, for which the total
demand takes up 40,573 MW1h, 8,681 GWh or 21.4 percent is domestic, 1,460
GWh or 3.6 percent is commercial and 30,432 GWh or 75.0 percent is
industrial. Again, these percentage figures are in accordance with
historical trend. In both cases, it is interesting to note that,
the commercial sector, which has the highest demand elasticity with
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respect to price, would experience the smallest growth in consumption
under equilibrium condition.
On the supply side, under the optimistic case, total generation
is 46,578 GWh of which 12,180 GWh or 26.1 percent is hydro, 30,608
GWh or 65.7 percent thermal and 3,790 GWh or 8.2 percent nuclear.'
Under the pessimistic scenario, total generation amounts to 43,163
GWh of which 12,180 GWh or 28.2 percent is hydro, 27,511 GWh or
63.7 percent thermal and 3,472 GWh or 8.1 percent nuclear. In both
cases, there is a marked increase in proportion shared by hydroelectric
generation and a pronounced decrease of share by nuclear generation,
when compared with historical trend.9 This phenomenon reflects
the fact that hydroelectric plants have lower generation cost.when
compared with either thermal or nuclear plants. Thus to minimize total
generation cost, generation will be taken up first by hydroelectric
plants avialable until they are fully utilized. This explains why,
in both of the two sets of solution, hydroelectric plants have been
utilized up to a point at which their installed capacities are reached.
The market equilibrium demand prices under the optimistic and pessimistic
scenarios are NT$1.037 per KWh and NT$0.9513 per KWh while the
equilibrium generation costs are NT$0.8760 per KWh and NT$0.8027 KWh
respectively. The transmission and distribution cost per KWh can then
be calculated as the difference between the market demand price and
the generation costs under equilibrium. Further, when we take a
look at the shadow price of the capacity expansion, we can see that
for both the thermal and nuclear generation, the penalty costs
incurred are zero while those for the hydroelectric are positive.
Thus, a penalty costs of NT$1.0370 per KWh and NT$0.9513 per KWh
have been imposed on the hydroelectric plants for not being able to
expand beyond their existing capacities under the two scenarios.
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Another point worth noting is that in the two sets of solutions,
nuclear generation appear to be much underestimated when compared to
historical trend. 10 Intuitively, in the wake of the oil crisis,
nuclear plants are expected to play a far more important role in
power generation, as a means to alleviate Taiwan's dependence upon
imported oil. This discrepancy, however, can be explained by the
incomplete cost data available for nuclear generation at the time
of our analysis.
The aggregate social welfare payoff, i.e. the aggregate consumer
plus producer surplus has been recorded quantitatively as 144,278
million NT dollars under the optimistic scenario and 134,005 million
NT dollars under the pessimistic scenario, with all fixed costs
nreviouslv estimated deducted from the sum.
Summarily, our nonlinear welfare maximization model, though
simplistic,in nature, has been able to generate information that is
consistent with the demand and supply, conditions prevailing. In
our study, it is found that all the three sectors were charged too
high a price for the electricity they consumed in 1979 and they
were allocated less than the amount the optimum would dictate. This
further suggests that the social welfare could be enhanced if a
lower price had been charged. It has then been shown that the social
welfare loss that the society suffers for failing to achieve the
optimum economic efficiency can be measured quantitatively. In
addition, judging upon the given cost structure, hydro plants,
requiring the lowest generating costs, should be first utilized
until they reach their capacity sizes. The shadow prices on capacity
expansion give us a measure of the costs incurred by the society
due to expansion limitations. With more refined data, especially on
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costs, the usefulness of this model can be greatly improved to
include more realistically the investment behaviour of the power
system. Nevertheless, until these data are available, it is
difficult, if not impossible, to check the realism of the model
result or gauge the performance of the power system. In the absence
of satisfactory data, our study can only serve to illustrate the
application of the Takayama and Judge type optimization model for
one year planning horizon.
106
NOTES TO CHAPTER VIII
1 G. Weinschenck, W. Henrichsmeyer and C.H. Hanf, Experiences
with Multi-Commodity Models in Regional Analysis, in Studies in
economic Planning Over Space and Time, ed. G.G. Judge and T309.
Takayama, (North-Holland Publishing Company, Amsterdam, 1973), p.309.
2 N. Uri, Towards an Efficient Allocation of Electrical
Energy) (D.C. Heath and Company, Lexington, Mass., 1975), pp.77-78.
3 These annual rates of depreciation for captial are obtained
through personal communication from Taipower.
4 The annual peak load values, originally expressed in w,
have been converted to KWh measure by multiplying by 8760. This
is done to achieve a consistency in units of all quantity values
concerned.
5 A 'detailed description of the method with fortran progralre
can be found in J. Knester and J.H. Mize, timization Techniques
with Fortrnn (McGraw Hill Book Company, New York, 1973), pp. 105-119.
6 A. Kahn, The Economics of Regulation, Vol. 1,(John Wiley
Sons, New York, 1970), p. 17.
7 Several other analyses under different specifications
lave also been tried out and yield comparable results.
8 See Taipower, Statistical Yearbook:1979, (Taiwan Power






AND EXTNESIONS FOR FURTHER STUDY
Our study set out to look at the optimization of the net social
welfare for the electric utility in Taiwan. In chapter VIII, we
have discussed the data availability and empirical findings of the
model.' In this final chapter, a conclusion to the study will be
presented. In addition, it spells out the drawbacks and limitations
of the model and suggests the area where further research is needed,
along with recommendations.
9.1 Conclusion
In the previous chapter, we have been able to obtain an optimal
solution for the nonlinear welfare maximization problem by simplifying
the analysis to a planning horizon of one-year period. In such
case, the problems with investment decision, which arise from
insufficient cost data can be skirted. The empirical results
generated from our Model I appear to be satisfactory. First of all,
information on demand elasticity, which is a very important parameter
in policy making, can be gathered .f or each of the three consuming
sector. Also, the model is capable of indicating the directions along
which expansion-,should take place and social welfare can be further
enhanced.In addition, both the social welfare -loss due to failure
to achieve optimum efficiency and the penalty costs on capacity limitations
can be measured quantitatively, within the framework of our model.
Nevertheless, for more refined studies of-the power system of this kind,
more details in every aspect, for instance, institutional
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and environmental constraints, are necessary. Due to the complexity
of structure, the cost functions, especially those of the capital
costs have to be estimated by more sophisticated methods than a
single equation model as is in our study. Unfortunately, those
data are simply not available at the time of our analysis.
In addition, for generation, little information can be obtained
on the. physical, institutional and environmental constraints that
are faced by the three different plant types. This problem is further
intensified by the difficulty with data for the nuclear plants,
However, judging on the basis of the empirical results reported
in the previous chapter, we are still able to conclude, from a
methodological point of view, that the study is worthwhile doing in
the sense that it does provide us with enough information with a
picture of the electricity structure when viewed in light of the
many limitations imposed on this study. Within the dimensions of our
model, it has been shown that the solution to the programming problem
provides two extremely valuable classes of information. First, the
optimal allocation of electricity is defined, providing guidelines
for the current operation of the system. Second, shadow prices
are generated in relation to those constraints which are effective
on the system, providing information for further planning.For instance,
the shadow prices of the physical constraints which are effective
on the system, provide guidelines to the relative economic returns
from capacity expansion. Likewise, though not shown in our model,
the shadow prices of institutional constraints enable the economic
costs of administrative decisions to be compared with policies
based on efficiency criteria alone.
As an analytic tool, the honlinear optimization model allows
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usto capture explicitly and often in great details, those elements
that are crucial to the understanding of and planning for the
electricity allocation and pricing, though their usefulness as
analytic and policy tool is often limited, as in our case, by
the availability of data.
As a concluding remark, we can conclude that a major result
of this study here is that the applicability of the nonlinear
welfare optimization model, which captures the interactions
between the demand and supply functions, is proved within the
context of our model. With more and better data made available, a
more refined study on broader perspective will be feasible.
9.2 Limitations
Our study undeniably possesses limitations that need to be
• carefully delimited before any solid decisions are implemented.
A discussion on some of the limitations is given as follows.
Firstly, our optimization model is only cast ina partial
equilibrium framework with other markets considered to be outside
of investigation. Thus, if it turns out that these other markets
do not fulfill the optimality conditions., then globally the allocation
and pricing of electricity resulting from our model may not be
efficient.
Secondly, while comprehensive in the sense that both demands
and supplies are endogenous, the nonlinear programming approach
adopted has excluded certain engineering dimensions of the problem
necessary for actual power system planning.l For the structure
and the parameter values of the model to sensibly depict both the
economic and physical characteristics, detailed information within
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these various categories must be gathered and integrated.
Thirdly, in our model, the supply externalities have been
totally ignored. For instance, in the United States, federal and
state governments have begun imposing air and water quality
standards and plant siting restrictions on the industry in an
effort to reduce various forms of pollution during recent years.2
Current standards require limitations on the discharge of thermal
pollution into natural bodies of water and reductions in particulate
matter, sulfur oxides and radioactive emissions. In Taiwan, the
hazards associated with nuclear generation have already become
controversial.
It is therefore desirable to be able to examine the consequences
of internalizing adverse externalities.
Finally, in our study we have not taken peak load pricing
into consideration. With information on price elasticity in each
sector during each period, peak load pricing which adjusts
prices proportionally away from marginal costs, can be implemented
to enhance further net social welfare, and result in more efficient
allocations of resources.
9.3 Extensions for Further Study
As remarked .in the previous section, in our model the supply
externalities have been ignored totally. Thus, we may extend our
model to look into the consequences of internalizing adverse
externalities to the extent desired. For instance, determination
of the costs of diminished hazards or reduced environmental
emissions can be made directly. Reduction of externalities
associated with electricity supply will require modifying the
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prospective capacity expansion increments, through delay in development,
ellimination from consideration as possible expansion alternative
or greater capital and/or operating costs incurred by measures
taken to reduce those externalities. Such modifications would
adjust the costs of the technical capabilities of existing and
prospective plants which enter into current or future supply
system. In doing so, the consideration of the supply externalities,
can add a broader dimension to the application of our model. In
addition, various constraints may also be imposed on our model
to represent a planning situation more realistically. For example,
it may require that investment be made in certain types of capacity
such as to provide desirable balance of generation types.
As is noted, in our model, the objective function is maximized
under a specific criterion, i.e. the net social welfare function.
Alternatively, other criteria4 may be applied to the model, to test
for its feasibility.Derivation of tradeoffs would then follow
directly from the optimization of the model under different assumptions.
As a final remark, the analytical model in our study is
essentially short term in nature. However, it can be extended
into a long run adaptive model by incorporating the methodology
outlined by Takayama and Judge.5 Ideally, the quadratic programming
model would be imbedded in a simulation model of the power system
such that feedbacks of various components of the model is possible.
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NOTES TO CHAPTER IX
1For instance, no allowance has been made for forced outages
of generating capacity to take account of the required maintenance.
See, for example, C.R. Scherer, Estimating Electric Power System
Marginal Costs,(North-Holland Publishing Company, Amsterdam. 1977),
p.91 and p. 97.
2See E. Berlin, C.J. Cicchett and W.J. Gilley, Perspective
on Power: A Study of the Regulation and Pricing of Electric Power,
(Ballinger Publishing Company, Cambridge, Mass. 1975), p.5
3 See T. Takayama and G.G. Judge, Spatial and Temp oral Price
and Allocation Models,(North-Holland Publishing Company, Amsterdam
1971).
4 Ibid., pp. 412-426.
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